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PREFACE 


Tlie Why of This Book 


I CANNOT RECALL just when the idea of writing a book on 
atomic energy first occurred to me I think it developed m 
nebulous form m the first few weeks after my appointment 
to the Atomic Energy Commission m 1949, when I was 
trymg to educate myself about the American atomic cn- 
ergy program as fast as possible I soon discovered that 
dns was not easy While there was much information avail- 
able, most of it was either too technical or altogether too 
popular to be of much real value to the average adult citi- 
zen At one end of the scale were literally tons of books 
and papers prepared for the chemist, the physicist, and 
tile engineer At the other were a good many volumes and 
pamphlets, even comic books, designed to explain the 
atom and the fission process to the layman Unfortunately, 
outside of the government s official reports, there was very 
little in between these two extremes, very little, that is, 
that attempted to describe the atomic energy program it- 
self or to convey a real feeling for the many great prob- 
lems which face the nation in the atomic energy field- 
problems with which I, as a Commissioner, \\ ould ha\ e to 
deal It was about at this point, I think, that I knew I must 
trj my hand at a book which would help fill this void 
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This IS not a technical booh If it were, I would be the 
last to attempt to write it Neither is it a book of personal 
remimscences, although it might be more entertaining, al- 
beit less instructive, if it were Neither is this a posterity 
letter designed to demonstrate how perfect the atomic en- 
ergy program was during the days when I had a consider- 
able measure of responsibility for it Any person m pubhc 
service who has the rather undramatic job of keeping his 
nose to the grindstone of administrative duty finds it very 
hard to appreciate a contempomiy who has the time or the 
mclmation to engage m the bureaucratic pastime ol “build- 
mg a record " 

Unfortunately, this is also not a book dealmg with the 
people of the atomic energy program who deserve tlie 
medals— the people who make the program tick, the de- 
voted backstage heroes on tlie staffs of Ae Atomic Energy 
Commission and its field offices and in the mdustnal con- 
cerns that carry so much of the load 

This book, instead, is an attempt to describe in straight- 
forward and simple terms the major segments of the atomic 
energy program of the United States, which must be un- 
derstood by government officials, leaders m industry, and 
persons in all walks of hfe if we are to survive and handle 
ourselves wisely m the atomic age 

About all most people know of the atomic energy pro- 
gram today is that it is big, cosily, and compheated, and 
that it is devoted primarily to bomb-making and may even- 
tually be devoted to more peaceful objectives I fully ap- 
preciate that there are people who do not want to imder- 
stand any more than this Some have assumed that secrecy 
forecloses such imderstanding Others assume that atomic 
energy is so techmcally compheated that the effort spent 
in tr^^g to understand it would bear little result There 
are still others who, consciously or subconsciously, look 
upon the atom as something so sinful or frightening that 
they try to put it out of their mmds None of these reasons 
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supplies a legitimate rationale for continued ignorance in 
a ^vorld where continued ignorance may well be the most 
sinful and frightening thing of all 
What appears in the following pages is a report on the 
atom as I know it That particular atom is made up of 
many more parts than electrons, protons, and neutrons 
Buzzing around, and veiy close to the nucleus of the atom 
I know are budgets, appropriations. Congressional hear- 
mgs, labor disputes, materials shortages, prima donnas, 
earnest and patriotic people, irresponsible people, and all 
grades in between spies, martyrs, civihans, soldiers, he- 
roes, and heretics It would take many volumes to tell tlie 
whole story, but I believe that m this one volume I have 
touched on the major segments I hope I have aluays 
been factual, except m those portions where I have indi- 
cated a drift to opinion Above all, I hope that tins work 
will shed a httle light— if ever so small— on a very dark 
area, and perhaps also encourage the lightmg of other 
lamps for the unknown paths ahead 

I am indebted to many people for the knowledge I have 
gamed and attempted to report here I am particularly m- 
debted to Mr Oliver Townsend, my personal assistant for 
the past two years, for his frank and unfailing criticism, 
the highly perceptive quality of his mmd, and the sharp- 
ness of Ills editorial pen 

Gordon Dean 
Las Vegas^ Nevada 
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CHAPTEll I 


The American Appioach to the Atom 


Like almost everyone else, I first heard of the Amcncan 
atomic energy program on August 6, 1945, \\Iien President 
Truman announced to the people of the United States and 
of the world 

“Sixteen hours ago an Amcncan airplane dropped one 
bomb on Hiroshima, an important Japanese Army base 
That bomb had more power than 20,000 tons of TNT 
It IS an atomic bomb Tlic force from which the sun 
draws Its power has been loosed against those who brought 
war to the Far East ” 

^Vhen this histone announcement was flashed across tlie 
news Wires of the world, I was in London I was tliere as 
an assistant to Justice Robert H Jackson, who had been 
designated to serve as chief prosecutor of the major Nazi 
war criminals at the forthcommg Nuremberg tnals We 
were in London to develop with our Allies, the British, the 
French, and the Russians, a charter settmg forth the prm- 
ciples and procedures under which the perpetrators of 
World War 11 were to be brought to the bar of justice 
The charter had just been agreed upon after eight long 
weeks of negotiation, and we regarded the date of its sign- 
August 5, as a significant one, for it branded as crimi- 
nals not only those who had launched World War II, but 
also those who would launch all future wars 
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Those midsummer days of 1945, when the war against 
Germany had been won and the final assault against Japan 
was being mobilized, were fateful ones on many counts, 
and they held many significant dates In the two weeks 
leading up to August 6 and Hiroshima the world had seen 
the conclusion of the Potsdam Conference, the issuance of 
the Allied ultimatum against Japan, the approval of the 
United Nations Charter by the United States Senate, and 
tlie Signing of the agreement establishing tlie pnnciples 
under which the Nuremberg defendants were to be tried 
Those were days of destiny and decision, when men wres- 
tled heroically with the fundamental quesfaons of peace 
and morahty while they mobilized their strength and re- 
sources for the final push against those who had defied and 
violated every decent human instinct 

It was into this setting that the atomic bomb burst Its 
brilliant hght lUummated m stark outlme the hopes and 
fears of mankind for the future, and its towenng radio- 
active cloud hung like a huge question mark over the ef- 
forts of those who were striving to establish a permanent 
code of international morahty and a system under which a 
lasting peace could be built I well remember the pro- 
found impression the news from Hiroshima made upon 
tliose of us who were m London 

After the President’s mibal announcement, news of the 
atomic bomb and the program that had produced it poured 
in from Washmgton, from Hiroshima, from Oak Ridge, 
from Hanford, from Los Alamos, and then, on August 9, 
from Nagasaki, the second target city On August 10, four 
days after the first atomic bomb had been used m war and 
1,342 days after Pearl Harbor, the Japanese formally of- 
fered to surrender, and mankmd was left to speculate 
upon the advantages and hazards of existmg on a planet 
that also contamed the powerful but unruly atomic genie 
released at Hiroshima 

Durmg the penod immediately following Hiroshima and 
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Nagasaki, there appeared in the press of tlie world many 
moving expressions of fact and fallacy about atomic energy 
that persist even today With the information tliat became 
available, there also began to be circulated tlie misinfor- 
mation that has ev’cr since plagued those who would try' to 
educate the peoples of tlie world about the atom and its 
implications 

In the press of the day, for example, one may find re- 
ports of how both tlie Hiroshima and Nagasaki bombs 
were dropped by parachute Actually, neither was One 
may find also a report on how the Hiroshima bomb caused 
more damage ‘Toecausc it was exploded in the air” Actu- 
ally, both bombs were air bursts Tlierc were also learned 
treatises on how the cities of Hiroshima and Nagasaki 
^vo^ld be unfit for human liabitation for many years to 
come because of the radioactivity left behind bv the 
atomic explosions As we now know, both cities were re- 
occupied almost immediately without ill effect to those re- 
tummg One of the more tragic fallacies was tlie widely 
Circulated belief that the Japanese were “after the bomb 
too” because the American occupation forces found a cy- 
clotron m a Japanese university laboratory In an excess of 
poorly informed zeal the occupation troops destroyed tins 
valuable research instrument under the impression that it 
was pseful m the development and manufacture of bombs 
It of course was not useful for this purpose, but the Japa- 
nese scientists nevertheless had to wait seven years be- 
fore they were in a position to obtain a replacement from 
an American manufacturer The Atomic Energy Commis- 
sion was glad to approve the export of this replacement 
last year 

Among the facts reported m the British papers of the 
time were many havmg to do with the valuable contribu- 
tion made by British scientists to the American bomb pro- 
gram, first as pioneering research workers in their owm lab- 
oratories and later as members of the British scientific 
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mission to the United States The contributions of people 
hke Sir James Chadwick and Professor Rudolf Peierls were 
described, and mention was made of the work of the Ger- 
man refugee Otto Frisch, as well as of tlie French scientists 
Hans von Halban and Leo Kowarski, who escaped to Eng- 
land after the fall of France with forty gallons of heavy 
water, then prachcally tlie entire world stock of this valu- 
able material Among those to whom a good deal of credit 
was given for developmg the data upon which the calcu- 
lations of the so-called “critical size ’ of the bomb were 
based was one Klaus Fuchs of Birmingham University 
and the British mission to I-os Alamos, who now languishes 
m a Bntish jail after achieving world-wide notonetv as the 
"master traitor" of World War II 

The newspapers of the day recorded also all the fears 
and frustrations and hopes that still motivate the peoples 
of the earth m their deabngs with atomic energy In fact, 
as one looks back, it is surprising how httle has been 
added m the ensuing years m the way of new ideas con- 
cerning the unplications of this new force As I was m 
London at the time, most of the initial reactions to the 
news of the bomb that I heard and read were those of 
Britons But they were not just Bntish reactions, they 
were human reactions, and they were tlie same all over 
the world Thus, in London, m the days immediately fol- 
lowing Hiroshima, we were able to read such comments as 
the foUowmg 

‘ It IS indeed on the creative side that this new source of 
energy presents the most hopeful and fascmatmg possibil- 
ities,” said a British government official in the London 
Chronicle "It may not be rash to predict that, sooner or 
later, [atomic energy] will establish itself economically as 
well as scientifically and command the field ’ This same 
official went on to express the prophetic opinion that "for 
the moment, the United States, m terms of power politics, 
can dommate the world In companson Russia is only a 
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vulnerable secondary power That situation cannot, m the 
nature of things, last ” 

In the London Stmdatj Graphic an Amencan physicist 
of the Carnegie Institution of Washington \vrotG “The 
Enghsh coal mines are safe m the immediate years ahead 
Yet withm the century it is probable tliat the minmg of 
coal to produce power may have no greater place m the 
worlds econonuc system than does the burning of wood 
today ” 

The London Observer early noted the question of tlie 
morahty of the bomb which was already beginning to 
weigh heavily on the conscience of the Western World 
In defense of the action taken by the United States, it edi- 
tonalized “Had myriads of Superfortresses and Liberators 
area-bombed Japan into surrender by old-style methods, 
doing the same destruction as two A-bombs with consid- 
erable loss of American and British hfe, would morality 
have been the more observed?” 

The dommant question of war and peace m the new age 
obviously was very much m the minds of everyone Rob- 
ert Boothby, a member of the British parliament, wrote in 
News of the World “The atomic bomb means the end of 
■war or the end of the human race Sooner, rather 
than later, the bomb must be confided to a world author- 
ity with effective power, charged with the specific duty of 
estabhshmg the reign of mternational law” To this the 
London newspaper The People added ‘What was in- 
tended m the first instance to brmg Japan to her knees has 
become an ultimatum to all the peoples of the earth It 
warns them that they must keep the peace or perish ’ And 
the Observer said “Let us thank Providence for the near 
end [of the w ar] and pay oux duty to the future, which is 
to thmk and think hard ” All of these expressions were ut- 
tered withm five days after the first bomb was dropped 
Meanwhile, m the United States many of the same 
thoughts and the same questions were bemg expressed m 
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almost the same words Tlius one may read m the St Louts 
Post-Dispatch of August 7, 1945, the following comment 
by Dr H A Wilson of Rice Institute “Some international 
autlionty should take control of the world’s uranium sup- 
ply to see that mastery of the destructive principle of 
atomic dismtegration does not fall into the wrong hands ” 

In the same issue the Post-Dtspatch cditonahzed “Im- 
agmation leaps forward to visuahze the use of atomic 
power for man’s comfort and enjoyment m generations to 
come To be sure, many men will have to give much 
more devoted labor before we can put it to w ork Ei- 
ther the world’s people— our own included— will learn to 
use it not for war but for peace, or else science has signed 
the mammalian world’s death ^va^Tant and deeded an 
earth in rums to the ants ” 

The New York Tunes speculated that “m countless fields 
of industry and transportation the events set in motion by 
the first tnal of the new bomb at Alamagordo Airfield, 
New Mexico, and the first combat use at Hiroshima may 
be the first hnks m a chain of development profoundly af- 
fectmg avihzation ” But it warned “With the horrible 
prospect of utter annihilation opened by the atomic bomb, 
It IS hard to imagme how the people of any nation on earth 
can possibly want another war We must begm sys- 
tematically to reduce and ehramate if possible all the 
chief causes of war ’ 

It was also m the Times that Brigadier General David 
Samoff mterjected the realistic and very practical notion 
that, until a world organization to achieve and mamtam a 
lastmg peace has proved its effectiveness, “we dare not 
relax m our efforts to provide the maxunum degree of na- 
tional defense altamable ’ 

But of all the discussions going on m all parts of the 
world, perhaps the most hopeful notes were being struck 
by the clergy Thus it was that the American Bishop Wil- 
liam T Mannmg said m the New York Herald Tnbune 
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“This discovery gives men a frightful po^^ er for evil, but 
also an unprecedented power for good If the faith and 
conscience of mankmd are correspondingly awakened by 
this mighty event, a new day of hope will open for the 
world ” 

At about the same time in England the Reverend 
W H Elhott was eloquently writing m the London Sun- 
day Graphic “No pacts can save us for long, no balancing 
of power, no international system of safeguards It all 
comes down to the rock bottom of human character Are 
we fit to be trusted with, a weapon like this? Can we make 
ourselves fit to bo trusted?” Tentatively, somewhat wish- 
fully, and almost pathetically, he suggested an answer 
Tossibly,” he said, “this is just the shocking stimulus that 
the world has needed in all that concerns the tnie life of 
man— the piercing truth that will stab our spirits broad 
awake ’ ” 

Thus It was tliat man crossed the tlireshold into the 
atomic age pndefully yet humbly, hopefully yet fearfully, 
confidently yet questionmgly The emotions were mixed, 
the reactions were varied, and the dominant fact of the 
times was the persistent presence of a mvriad questions to 
which there were no ready answers The war was over, its 
awesome offspring lingered on It was apparent that the 
armies could be demobilized, it was equally apparent that 
the bomb could not But it had to be dealt with somehow 
Amid all the questions, therefore, one stood out above all 
others It was articulated perhaps most succinctly by the 
London Observer, which asked with simple eloquence 

Where, indeed, do we go from here? * 

Although this question confronted the whole world, it 
primarily confronted one nation the United States of 
America After all, it had been tlie United States that had 
developed the bomb, it had been the United Slates that 
had employed the bomb, and it was the United States that 
possessed the bomb exclusively “What,’ the world wanted 
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to know, “does tlie United States plan to do with the 
bomb?” What was the Amencan approach to the atom 
to be? 

This was not the first time this quesfaon had been asked 
It had been asked many times within the Amencan gov- 
ernment as research progress gave mcreasmg mdication 
that the enormous quantities of energy contamed in atomic 
nuclei could be released by man In fact, although the 
world did not know it. Secretary of War Shmson, under 
whose department tlie wartime bomb project had been 
carried on, had as early as May 1945 appomted a commit- 
tee of distinguished government and scientific leaders to 
look mto and formulate some basic policy positions con- 
cemmg the atomic future of the Umted States and of the 
world This committee, established at the request of Pres- 
ident Truman, mcluded such leading figures as Henry 
Stimson, James F Byrnes, Vannevar Bush, Karl T Comp- 
ton, and James B Conant, among others, and it had the 
valuable assistance of a pane! of consultants composed of 
the atomic scientists J Robert Oppenheimer, Ernest O 
Lawrence, Arthur H Compton, and Enneo Fermi 

Partly because of the work of this committee, and partly 
because of a more or less spontaneous crystallization of 
the views of leaders m both science and government, a 
tentative but nevertheless realistic United States position 
began to develop m relation to the atom even m advance 
of its unveihng to the rest of the world First to emerge 
were some basic premises upon which future pohey could 
be built In general, these premises were somewhat as 
follows 

1 That, no matter how zealously the secrets of atomic 
energy were to be guarded, the Amencan monopoly was 
destined to end sooner or later 

2 That somewhere m the field of atomic energy there 
was the promise of future peaceful apphcations which, if 
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properly pursued, could bring great benefit to the people 
of Ae United States and of the world 

3 That the enormous potentiality of the atom for evil 
as well as good meant that a ratlicr special means had to 
be developed to control it in such a w ay that the good 
could be released and the evil suppressed 

4 That special means of controlling the atom interna- 
tionally as well as nationally should be developed as mat- 
ters of great urgency 

5 That, until an effective system of international con- 
trol could be set up and placed in effect, the United 
States should continue to hold on to its monopoly m the 
atomic weapons field 

At no time, so far as I have been able to learn, did any- 
one in a position of responsibility suggest Uiat “now tint 
we have the bomb exclusively, let us go out and conquer 
the world ” The United States has never thought in such 
terms, and it did not think in such terms at the conclusion 
of World War II 

Because of the preliminary thinking that had been given 
to the question of atomic energy, both formally within the 
Secretary of War’s committee and informally in the halls 
of government and science. President Truman was able to 
say in his original announcement about Hiroshima ‘ I shall 
recommend that the Congress of the United States con- 
sider promptly the estabhshment of an appropnate com- 
mission to control the production and use of atomic power 
Within the United States I shall give further considera- 
tion and make further recommendations to the Congress 
as to how atomic power can become a powerful and force- 
ful influence towards the maintenance of world peace ’’ 
Three days later, in an address to the nation, he added 
“The atomic bomb is too dangerous to be loose m a law- 
less world That is why [we] do not mtend to reveal the 
secret xmtil means have been found to control the bomb 
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so as to protect ourselves and the rest of the world from 
the danger of total destruction” 

Tims it was that the United States began to answer the 
question of what its approach to the atom was to be In its 
broad outline, tins approach had three mam objectives 
(1) to develop and establish an effective system for con- 
trolling the atom within the United States, (2) to help de- 
velop and establish an effective system for controlling the 
atom throughout the world, and (3) to hold on to the 
American monopoly in atomic energy until an interna- 
tional control system had been estabhshed, meanwhile us- 
ing the atom, not for aggression or national aggrandize- 
ment, but for the preservation of world peace and the 
betterment of mankmd 

The world, for a time, breathed easier as it watched to 
see what these noble motives would produce 

The practical problem facing the United States was that 
of making the wartime bomb program over mto a peace- 
time atomic energy program designed to accommodate 
the enormous power of the atom for good or evil The war- 
time program under the direction of tlie never-tirmg Gen- 
eral Groves had been highly successful m achieving the 
goal for which it had been set up, namely, to develop and 
put mto production an atomic bomb The United States 
owes the General a great debt He succeeded in an almost 
impossible mission But the wartime program was hardly 
smtable as a framework for handling the atom m time of 
peace In the first place, it had been started and carried 
on under the temporary emergency powers of the Presi- 
dent which were due to expire after the war had been 
brought to its formal conclusion In addition, it was quite 
obvious that the wartime program was not broadly enough 
conceived nor deeply enough embedded m the political 
fabric of the nation to make it an effective mstrument for 
controUmg the unleashed atom and reahzmg its peaceful 
promise Somethmg else was needed, but it was clear that 
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this “something else” would have to draw upon tlie CKpe- 
nence gamed W’lth the atom in World War II 

A good deal of the information concerning the wartime 
program became a matter of public record very quickly 
once the news from Hiroshima had revealed its existence 
In the official statements from tlic ^^^llte House and the 
Pentagon, in the feature articles and news dispatches from 
the newly revealed laboratones and plants, and then, later, 
m the famous Smyth Report^ the story began to emerge 
It was a dramatic story of prodigious effort, brilliant 
achievement, devotion to dut), and wholehearted co-oper- 
ation among many varied groups m government, industry, 
and science It was all of these, but perhaps most of all it 
was the story of a magnificent gamble that paid off The 
highlights of this fascinating story, as I see them, arc as 
follows 

January 1939 It was in this month, when the war clouds 
were gathering over Europe but before actual hostilities 
had begun, that word arrived in the United States that 
two German scientists had split tlie uranium atom This 
exciting news circulated quickly through the American 
scientific community and tlie German experiment was re- 
peated within a matter of days m a number of American 
laboratories, as it was m several otlier laboratories in other 
parts of the world Speculative articles began to appear m 
the press about the enormous amounts of energy that 
could theoretically be released by a nuclear cham reaction 

August 1939 A group of European refugee scientists, 
by now hvmg in the United States, early recognized the 
military possibilities of atomic energy and, fearing Ger- 
man efforts m this direction, organized an attempt to m- 
terest the American government in undertaking an atomic 
research program After an initial approach to the Navy 
Department in March 1939, which they did not regard as 
being very productive, they determmed to reach President 
Roosevelt direct This was accomphshed through the de- 
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vice of a letter of August 2, 1939, signed by Albert Em- 
stem and delivered to the President during a personal con- 
ference by the Russian-bom New York financier Alexander 
Sachs As a result of tins approach, the President, at about 
tfie same time as World War II began wth the German 
invasion of Poland, appointed a three-man “Uramum Com- 
mittee” to look into the question of developing an atomic 
bomb This committee, on which the Army, the Navy, and 
tlie Bureau of Standards were represented, submitted a re- 
port to the President m November which desenbed the 
bomb as *‘a possibihty ” 

April 1940 By this month the scientists of the free 
world succeeded in establishing an effective system of 
voluntary censorship in the field of atomic energy, but 
not before several earlier attempts to do so had been 
blocked by Fr^d^nc Johot of Pans * Thus the atom, in the 
month that Norway was mvaded, vanished behind a bar- 
rier of secrecy from wluch it has never wholly emerged 

Jime 1940 It was m this month— the month m which 
France siurendered to the German blitz— that the United 
States began a small, integrated atomic research program 
under the National Defense Research Committee, headed 
by Dr Vannevar Bush From this point until Pearl Har- 
bor the Umted States spent approximately $300,000 on 
atomic energy 

December 1941 As a result of optimistic reports from 
research workers m both the United States and Great 
Britam, the decision was made about the tune of the 
Pearl Harbor attack to undertake an all-out research and 
development effort in the atomic energy field with the 
objective of moving into full-scale production as soon as 
possible The entire program was placed under the newly 
estabhshed Office of Scientific Research and Develop- 

“ Apparently, according to the Smvth Report, “because of one let- 
ter sent m to the Physical Revteto before all Amencans had been brought 
into the agreement 
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ment, of which Dr Bush was placed m charge, with tlie 
understanding that later, if and when the construction 
phase was reached, the whole program would be turned 
over to the Army The decisions taken m December meant 
that the government was embarking on a program for 
which between four and five million dollars would have 
to be committed 

June 1942 It was in this month— the month of tiic 
Battle of Midway— that President Roosevelt, upon the 
recommendation of Dr Bush and with the approval of 
a policy group composed of Vice President Wallace, Sec- 
retary Stimson, General Marshall, and Dr Conant, made 
the decision to proceed with the enormous wartime con- 
struction program that was ultimately to cost nearly two 
billion dollars This was the month when the bets of the 
magnificent gamble” were placed 

August 1942 On August 13 the Army established a 
neu district m its Corps of Engineers It was named the 
Manhattan Engineer District, and it was given the )ob of 
making the magnificent gamble pay off The following 
month Lieutenant (then Brigadier) General Leslie R 
Groves was placed in charge of the new distnct, and an 
overseeing Military Pohey Committee with Dr Bush as 
chairman was set up m the War Department Immediately 
the ]ob of selecting sites, contractors, and designs for the 
projected new plants began under General Groves's very 
capable direction 

December 1942 Most historians seem to agree that it 
was actually on December 2, 1942, that the so-called 
atomic age" was ushered in Tins event took place m 
secret m a makeshift laboratory m a converted squash 
^urt beneath the west stands of the University of 
Chicago s Stagg Field, where the Itahan-bom physicist 

nrico Fermi and a small staff were working under con- 
tract to the Office of Scientific Research and Develop- 
ment on the problem of demonstrating that a self- 
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sustaining nuclear chain reaction could actually be made 
to work On the morning of December 2 they did it, and 
the first atomic pile m the history of tlie world was 
operated successfully Eagerly tlie code message was 
relayed to other scientists “The Itahan navigator has 
landed, the natives arc friendly ” 

May 1943 By tins date, all of the research and develop- 
ment work being done m the field of atomic energy had 
been transferred from the OSRD to the Manhattan En- 
gmeer District, which since the previous September had 
already been in charge of all construction work From 
this pomt forward, therefore, tlie Manhattan District was 
in complete charge of the program 
After Hiroshima the Manhattan District's record of 
achievement became known It became known, for ex 
ample, how m a U\o-and-a-half-year period a secret city, 
named Oak Ridge, had been he\vn out of the East Ten- 
nessee wilderness, and how two mammoth bomb-matenal 
plants and a large new laboratory, costmg m all nearly 
a bilUon dollars, had been erected m the 59,000-acre 
reservation surrounding the town It also became known 
how another great plant, costing $350,000,000, had been 
erected on a 400,0()0-acre reservation m an isolated part 
of the Columbia River Valley in the State of Washmgton, 
and how another government town, named Richland, 
had grown up beside it 

It became known how, in the performance of its con- 
struction and engmeermg muacle, the Manhattan District 
had relied upon the genius of American industry, and 
how, among many hundreds of others, the foUowmg made 
outstandmg contributions the E I duPont de Nemours 
& Company, the M W Kellogg Company, the J A Jones 
Construction Company, the Union Carbide and Carbon 
Corporation, the Stone and Webster Engmeermg Cor- 
poration, the Tennessee Eastman Company, the AUis- 
Chalmers Manufactunng Company, the Cosier Cor- 
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poration, the General Electnc Company, and tlie 
Westmghouse Electnc Corporabon It also became known 
how the universities of the country had provided unstint- 
ing and invaluable support in scientific matters, with 
particularly noteworthy contributions having been made 
by Columbia University, the University of Chicago, the 
University of California, and Iowa State College 
It became known how the United States had had the 
valuable assistance of Great Britain and Canada in the 
bomb development program, how Bntam had sent a team 
of scientists to America for direct parbcipation, and how 
Canada had a heavy-water plant and a government re- 
search laboratory that were co-operating directly with 
the Amencan program It became k*nown how tlie three 
Allied nations jointly operated a program for the pro- 
curement of uranium, and how a Combmed Policy Com- 
mittee, upon which Secretary Stunson, Dr Bush, and 
Dr Conant were the American representatives, had been 
established in August 1943 to provide over-all policy 
direction to the co-operative effort of the three nations 
It abo became known how a highly secret laboratory 
had been estabhshed on a mesa top at Los Alamos, New 
Mexico, and how the bnlhant physicist J Robert Oppen- 
heimer from the University of California had been placed 
m charge with the assignment of designing a workable 
atomic bomb It became known how Dr Oppenheimer 
assembled a staff of first-rate physicists from the United 
States and Great Britain around him, how, one day in 
July 1945, they took the device they had been working 
on down to the desert near Alamogordo, and how, at dawn 
of the morning of July 16, they set it off It also became 
known how this device performed according to the most 
optimistic expectations, and how, twenty-one days later, 
the second one worked just as successfully over Hiroshima 
in Japan The gamble had paid off, and a new problem 
had been deposited on the doorstep of the world 
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Witli the end of the war, the center of mlcrest m the 
new field of atomic energy shifted from the plants and 
laboratories of the Umtcd States afad the target cities of 
Japan to Washington, D C , where men were wrestling 
with the decisions tliat would determine America's course 
in the atomic age From the precedents of the wartime 
program, and from tlie hopes and fears of men for the 
future, they began the arduous job of building a legal 
structure that would contain the unleashed atom Mean- 
while, the nation's atomic energy program, which had 
been assembled to de\elop and produce the bomb, began 
to mark time while it waited to find out where it was 
going next Funds were cut back, the Bntish mission be- 
gan to pack up and leave for home, and many of the 
scientists and technicians in the plants and laboratories 
left the program to return to the umversibes and indus- 
trial concerns from which they had been mobilized 
Durmg this period, the once dynamic program was held 
together, but that is about all one could have said for it, 
or expected of it 

But if things were quiet on the laboratory front, polib- 
cal activity m Washmgton was furious The first develop- 
ment of record occurred four diys after the formal 
Japanese surrender when a freshman Senator from Con- 
necbcut, Brien McMahon, introduced a bill for the 
domesbc control of atomic energy The Congress, which 
was waitmg for the proposals promised by the President 
m his August 6 announcement on Hiroshima, tabled the 
bill 

The President’s recommendations were forthcoming on 
October 3 m a message to the Congress on atomic energy 
In this message the President said 

Never m history has society been confronted with a 
power so full of potenbal danger and at the same time so 
full of promise for the future of man and for the peace 
of the world I think I express the faith of tlie Amencan 
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people when I say that we can use the knowledge we 
have won, not for the devastation of war, hut for the 
future ^\elfare of humanity 

“To accomplish tliat objective we must proceed along 
t\vo fronts— the domestic and die international 
"The first and most urgent step is the determination of 
our domestic policy for tlie control, use, and development 
of atomic energy withm the United States ” 

Having thus described the objectives, the President 
proceeded to urge the Congress to establish "an Atomic 
Energy Commission with members appointed by the 
President, with the advice and consent of the Senate” 
He suggested that the entire program as it then existed 
be transfered to the new Commission, and that the 
Commission be authonzed "to conduct all necessary re- 
search, experimentation, and operations for the further 
development and use of atomic energy for mihtary, 
industrial, scientific, or medical purposes ” He further pro- 
posed that the Congress declare it to be "unla^vful to 
produce or use the substance comprising the source of 
atomic energy or to import or export them except under 
conditions presenbed by the Commission ” 

The President acknowledged that the measures he had 
suggested were drastic and far-reachmg, but pomted 
out that ‘the discovery with which we are dealing in- 
volves forces of nature too dangerous to fit into any of 
Our usual concepts ” 

Relative to the world situation, he said "The hope of 
civilization hes m international arrangements looking, if 
possible, to the renunciation of the use and development 
of the atomic bomb, and directing and encouragmg the 
use of atomic energy and all future scientific information 
toward peaceful and humanitarian ends I therefore 
propose to initiate discussions, first with our associates 
in this discovery. Great Britain and Canada, and then 
%vith other nations, m an effort to effect agreement on the 
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conditions under which co-operation might replace n 
valry in the field of atomic power" Prophetically, the 
President commented "Tlie difficulties in working out 
such arrangements arc great " He might have added that 
tlie difficulties m working out a law providmg for domes 
tic control were also not small 

On the same day that the President dehvered his 
message on atomic energy to the Congress, an Adminis- 
tration bill providing for domestic control was introduced 
simultaneously m both Houses This bill, which had been 
prepared by the Secretary of Wars committee, was m- 
troduced m the Senate by Senator Edwin Johnson and 
in the House by Representative Andrew \fay, chairman 
of the House Military Affairs Committee It became 
known as the May-Johnson Bill, and it provided for a 
part-time Atomic Energy Commission to which Army 
and Navy officers on active duty could be appointed 
The bill gave the Commission great powers and con 
siderable latitude on how it was to exercise them 

Almost as soon as the May-Johnson Bill had been in- 
troduced, a great controversy broke out m the Congress 
and across die land on the issue of civihan versus mili- 
tary control of atomic energy In the hot debate which 
followed, the May-Johnson Bill became the symbol of 
military control It was attacked from many powerful 
quarters, notably by the scientists who had been con- 
nected with the wartime program In a highly unusual 
mvasion of the pohtical arena the scientists organized 
themselves into a forceful pressure group that went to 
work to insure the civilian control of atomic energy m 
the United States 

In acknowledgment of the controversy which raged 
around the May-Johnson Bill, the Senate on October 29 
appomted a Special Committee on Atomic Energy, with 
Senator McM^on as its chairman, to make a full, com- 
plete and contmumg study and mvesbgation wath respect 
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to problems relating to the development, use and control 
of atomic energy” This Committee began hearings the 
next month, and on December 20 Senator McMahon 
introduced his second bill, which became the basis for 
hearmgs which continued until the following April This 
bill provided for a full-time Commission whose members 
were to be allowed no conflicting military or business 
interests It also spelled out m considerable detail how 
the Commission was to exercise its enormous powers, and 
created a government monopoly m the field of atomic 
energy Just as the May-Johnson Bill had become the 
symbol of mihtarv control, the McMahon Bill became 
the symbol of civilian control, and the scientists adopted 
It as their standard So did President Truman, who in 
February wrote a letter to Senator McMahon calling for 
legislation essentially along the Imes of the McMahon Bill 

In the discussions which proceeded through the winter 
and spring of 1946, both within and without the hearing- 
room of the Senate's Special Committee on Atomic 
Energy, some basic areas of agreement began to emerge 
Everybody seemed to believe that tlie atom should be 
rigidly controlled by the government, e\ erybody seemed 
to believe that this control should be exercised by 
civilians, and everybody seemed to believe that the mih- 
tary services should have a voice m the atomic energy pro- 
gram short of control 

Ultimately it became clear that the only point of dis- 
agreement remammg was that of determmmg the precise 
limits of military participation In an effort to compromise 
this issue. Senator Vandenberg proposed an amendment 
to the McMahon Bill which would provide for the estab- 
lishment of a Mihtary Liaison Committee to work with 
the Commission on atomic energy matters of mihtaiy m- 
terest But the proponents of civihan control found the 
powers this amendment bestowed upon the Liaison Com- 
mittee to be far too great, and once agam reacted vio- 
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lently Thus the compromise had to bo compromised A 
final version of the Vandenberg Amendment was e\enlu- 
ally hammered out, however, and the McMahon Bill, 
after a debate in the House which led to a strengthening 
of the security provisions, passed botli Houses of Congress 
in its final form in July and was signed into law by the 
President on August 1, 1946 

The new law, called the Atomic Energy Act of 1946, 
established a fivc*man Atomic Energy Commission, ^vhose 
members were to be appointed by the President witli the 
advice and consent of the Senate, and who were spe- 
cifically prevented from engaging "in any other business, 
vocation or employment than tliat of serving as a member 
of the Commission ” 

The law bestowed enormous powers on the Commis- 
sion, and furthermore ordered it to use them For ex- 
ample, the Commission was required to own all the 
materials from which atomic energy can be produced, all 
the fncihties in which such materials can be manufactured, 
and all the patents related to the production and use of 
such matenals In addition, the law directed tlie Com- 
mission to control through licenses and regulations all 
the minerals from which atomic energy materials could 
be produced, and all information related to atomic 
energy It also directed the Commission to conduct an 
extensive atomic research program, and authorized it, at 
the direction of the President, to develop and produce 
atomic weapons In other words, the law gave the Atomic 
Energy Commission a monopoly m the field of atomic 
energy, with the right to control all vital activities through 
direct ownership and management, and all other activi- 
ties by means of regulations and licenses To help the 
Commission protect its secrets, the Congress provided for 
some stiff penalties for violabons of the law, extending 
even to death or life imprisonment The law also ended 
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all co-operation with Britain and Canada in the important 
fields of weapons and atomic power 
As a guide to the Commission m the exercise of its great 
powers, a declaration of over-all policy was mcluded m 
the law which illustrates perhaps better than anything 
else Congress’ awareness of the fateful decision it had 
made when it set the course of atomic energy control and 
development in the United States “It is hereby declared 
to be the policy of the people of the United States,” the 
Act says, “that, subject at all tunes to the paramount 
objective of assuring the common defense and secunty, 
the development and utilization of atomic energy shall, 
so far as pracbcable, be directed toward unprovmg the 
pubhc welfare, increasing the standard of hvmg, strengtli- 
enmg free competition m pnvate enterprise, and pro- 
moting world peace ” 

To encourage and assist the Commission to exercise 
Its great powers prudently and wisely, the law established 
a Joint Congressional Committee on Atomic Energ)', 
composed of nine Senators and nine Representatives, and 
specified that the Commission “shall keep the Commit- 
tee fully and currently informed with respect to the 
Commission s activities ” It also established a nme- 
member General Advisory Committee, to be appomted by 
the President “from civilian life,” to advise the Commis- 
sion on scientific and technical matters, and the Mihtary 
Liaison Committee provided for by the Vandenberg 
Amendment The Liaison Committee, which is appointed 
by the Secretary of Defense, consists of two representa- 
tives from each of the three armed services plus a chair- 
man who may be either a military man or a civilian The 
Commission is directed by the law to ‘ advise and consult 
With the Committee on all atomic energy matters which 
the Committee deems to relate to mihtary applications” 
and to “keep die Committee fully informed of all such 
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matters before it " The Committee, on the other hand, 
IS instructed to “keep the Commission fully informed of 
all atomic energy matters** in tlie Defense Department 
The Committee furthermore is given tlie right to malce 
written recommendations to the Commission and to 
appeal disputes through the Secretary of Defense to the 
President 

Tlius it was that America’s approach to the postwar 
atom was established on the home front In essence, the 
approach was one of ngid government control, this con 
trol to be admmistered by civilian officials Assurance of 
the national defense and security was established as the 
principal goal, but it ^vas also made clear that the newly 
reconstituted program was expected to work toward 
realization of the peaceful promise of atomic energy 
msofar as possible By rmd-1946, then, the domestic course 
had been set All that remamed was to name the people 
who would control the new program and to arrange for 
the transfer of the property and people of the Manhattan 
District to the newly established Commission 

Meanwhile, the Amencan posibon on the mtemational 
front had also been set, and there was sbll some hope in 
the world that it, or something like it, might be put into 
effect By mid-1946 also, an Atomic Energy Commission 
had been established in the United Nations at the instiga- 
tion of the United States, Great Bntam, and Canada, 
jomed by Russia, China, and France, and an Amencan 
plan for international control had been developed and 
proposed to this Conunisston This plan, like the domestic 
plan, rehed upon direct management as the only really 
effective means of control In essence, the plan called for 
the creation of an “International Atomic Development 
Authority ’ with power to manage directly all dangerous 
atomic energy activities m all nations, to conduct a re- 
search and development program m the peaceful apphea- 
tions of atomic energy, and to exercise loose control over 
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all non-dangerous activities The plan also called for a 
system of mspection to prevent clandestine activities by 
national governments, and a system of enforcement If 
such a plan were set up, the United States offered to 
dispose of its atomic bombs, give up all its activities in 
the weapons field, and turn over all of its atomic energy 
knowledge to the international agency 
The basis for this plan was developed m the State De- 
partment m January, February, and March of 1946 by a 
Committee composed of Undersecretary of State Dean 
Acheson as chairman, and Vannevar Bush, James B 
Conant, General Leslie K Groves, and John J McCloy 
as members The Committee had the assistance of a 
Board of Consultants of which David E Lihenthal was 
chairman and Chester I Barnard, J Robert Oppenheimer, 
Charles Allen Thomas, and Harry A Winne were mem- 
bers The report issued by the Committee in March be- 
came kno\vn as the Acheson-Lihenthal Report, and it 
formed the basis of the American proposal made by the 
Amencan Delegate Bernard Baruch to the United Nations 
Atomic Energy Commission on June 14, 1946 It was m 
this historic address that Mr Baruch prefaced his remarks 
with the now famous declaration *TVe are here to make a 
choice between the quick and the dead ” 

The world now knows what happened to that proposal 
Six months later something substantially the same was 
reported to the Security Council as the majority plan 
of the United Nations Commission, but it has never been 
adopted And neither has any of its modified successors, 
solely because the Russians and their puppets have not 
agreed with the majority of flie members of the United 
Nations Atomic Energy Commission The Russians have 
said that they would consider such a plan to constitute 
an unwarranted mvasion of their national sovereignty 
They have also said that they would prefer to destroy all 
of the worlds atomic weapons first and ha\e them re- 
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matters before it ” The Committee, on the other hand, 
IS instructed to 'Teep the Commission fully informed of 
all atomic energy matters" m the Defense Department 
The Committee furthermore is given the nght to make 
mitten recommendabons to the Commission and to 
appeal disputes through the Secretary of Defense to the 
President 

Tlius it was that Amenca*s approach to the postwar 
atom was established on the home front In essence, the 
approach was one of rigid government control, this con- 
trol to be admmistered by civihan officials Assurance of 
the national defense and security was established as the 
principal goal, but it was also made clear that the newly 
reconstituted program was expected to work toward 
realization of the peaceful promise of atomic energy 
msofar as possible By mid-1946, then, the domestic course 
had been set All that remained was to name the people 
who would control the new program and to arrange for 
the transfer of the property and people of the Manhattan 
District to the newly estabhshed Commission 

Meanwhile, the .^encan posibon on the mtemational 
front had also been set, and there was sbll some hope m 
the world that it, or somethmg hke it, might be put mto 
effect By imd-1946 also, an Atomic Energy Commission 
had been established m the United Nabons at the msbga- 
bon of the United Stales, Great Britain, and Canada, 
jomed by Russia, China, and France, and an American 
plan for international control had been developed and 
proposed to this Commission This plan, hke the domesbc 
plan, rehed upon direct management as the only really 
effecbve means of control In essence, the plan called for 
the creabon of an International Atomic Development 
Authority” with power to manage directly all dangerous 
atomic energy acbvibes in all nabons, to conduct a re- 
search and development program m the peaceful apphea- 
tions of atomic energy, and to exercise loose control over 
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and industnal work was performed by private contractors 
There were several hundred research contractors, several 
score important industrial contractors, and several thou- 
sand suppliers, performers of special sendees, and sub- 
contractors of various sorts 
4 The knowledge of how to produce atomic bombs 
The new Commission very early decided to do its 
busmess, as the Manhattan District had done, through 
private scientific and mdustrial contractors, confinmg 
Itself to pohey direction and admmistrative supervision 
of the work This served two purposes it made available 
to the Commission the management and technical skills 
of Amencan mdustry and science, and at the same tune 
It served to spread knowledge about atomic energy 
through the Amencan economy It also made it possible 
for the Commission to hold down tlie number of direct 
government employees Today, although the program has 
been expanded several times in size over what it was in 
1947, the number of direct Commission employees has 
increased from 5,000 to but 7,0(K) Meanwhile, the number 
of contractor employees has increased from 50,000 to 
nearly 200,000 

To carry out the responsibihties vested m it by the 
Atomic Energy Act, the Commission is organized roughly 
along the Imes of a private coiporabon At the top, where 
pohey IS set, are the five Commissioners Next m Ime is 
the chief executive officer, called the General Manager 
Ongmally the General Manager was appomted by the 
President, he is now appointed by and is directly respon- 
sible to the five Commissioners Below the General 
Manager are a number of operating divisions, each with 
its own responsibihty, such as mihtary apphcations, pro- 
duction, research, reactor development, biology and 
medicme, and security Most of the Commission’s day- 
to-day relations with its contractors are through field 
offices located at Oak Ridge, Hanford, New York, Chicago, 
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noimced as weapons of war, and then talk about how 
atomic energy might be controlled The majority, for 
its part, has rejected tliesc somewhat unrealistic proposals 
on the grounds that they provide no safeguards agamst 
the surreptitious accumulation of a vast stockpile of 
bombs But all this has been but a symptom, not the 
cause, of the basic sickness m the world, a sickness that 
has led to the cold war between the East and West, the 
hot war m Korea and Indo-CIuna, and the atomic arma- 
ments race between the Umted States and the Soviet 
Umon As a result of this cold war and this armaments 
race, the American atomic energy program has been 
largely a weapons program carried on in secrecy and with 
the utmost urgency Progress has been made on the peace- 
ful side, but, in the language of the law, it has never been 
the “paramount objective" 

It was at midnigbt on December 31, 1946, that the 
newly established Commission took over the American 
atomic energy program from the Army’s Manhattan Dis- 
tnet The Commission’s mhentance mcluded 

1 Facihties with a capital mvestment of approximately 
$1,400,000,000, includmg a weapons research laboratory 
and a town of about 9,000 people at Los Alamos, New 
Mexico, important production plants, a research labora- 
tory, and a town of about 36,000 people at Oak Ridge, 
Tennessee, an important production plant and a town of 
about 17,000 at Hanford, Washington, a temporarily 
housed research laboratory m Chicago, some important 
research equipment at the Radiation Laboratory m 
Berkeley, California, and research laboratories then imder 
construction at Brookhaven, Long Island, Schenectady, 
New York, and Miamisburg, Ohio 

2 A program that had about 5,000 direct government 
employees, both mihtary and civihan, and about 50,000 
contractor employees 

3 A system under which virtually all of the scientific 
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mission itself, have done much to determine the scope 
and shape of the American atomic energy program as it 
exists today 

But this IS not a book about personalities It is not even 
a book about the Commission It is, instead, a book about 
the atomic energy program itself, a program that has been 
driven fonvard and expanded under a great sense of 
urgency as the only means by which the free world might 
compensate for the collapse of the great expectations 
once held for international control Mr Baruch in 1946 
gave the world a choice between the quick and the dead 
That choice has not yet been made, but time has been 
bought in which it might yet he made correctly, and it 
has been bought largely through the effort described in 
the following pages of this book 
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Albuquerque, and wherever else there is a major atomic 
energy activity 

The Commission's first Chairman was David E Lalien- 
thal, former head of the Tennessee Valley Authority and 
co-author of the Acheson-Lilienthal Report which formed 
the basis of the American plan for the international con- 
trol of atomic energy He served until his resignation on 
February 15, 1930, and was succeeded by tlie author, 
who occupied the oflSce of Chairman from July 11, 1950, 
until his resignabon m June 30, 1953 From February 15 
to July 11, 1950, the Commission functioned under the 
acting chairmanship of Sumner T Pike, one of the origmal 
members of the Commission Besides Mr Pike, who had 
been a New England businessman and former Federal 
Power Commissioner, the onginal Commission was com- 
posed of the New York busmessman and former Rear 
Admu-al Lewis L Strauss, the atomic scientist Robert F 
Bacher, and the Iowa publisher William W Waymack 
As the years passed the composition of tlie Commission 
gradually changed, and by February 1952 it consisted of 
the atomic scientist Henry de Wolfe Smyth, the New 
York busmessman and engmeer Thomas E Murray, the 
former Air Force Assistant Secretary Eugene M Zuckert, 
the Ohio educator and engmeer T Keith Glennan, and 
the author All of the last-named, with the exception of 
Mr Glennan, who resigned November 1, 1952, remain 
as members of the Commission at this wntmg 

For most of the more than six years that die Commis- 
sion has been in existence, the Joint Congressional Com- 
mittee on Atomic Energy functioned under the chairman- 
ship of the author of the Atomic Energy Act, the late 
Senator Bnen McMahon, and the General Advisory 
Committee functioned under the chairmanship of the 
scientist given the most credit for developmg the atomic 
bomb. Dr J Robert Oppenheuner These men and their 
colleagues, like those who have served on the Com- 
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depths of the earth Over the ages, many of the rocks m 
which the uranium was deposited have been worn away, 
and much of the uranium itself has been dissipated Some 
of it, however, by a mechanism not thoroughly understood, 
has been concentrated in tiny, inaccessible pockets in tlie 
desert sandstone The first uranium was found on tlic pla- 
teau at the turn of the century, but an mtensive search is 
sbll going on to discover all of the places w'here tlie pocket 
deposits have been hidden away 

One could hardly expect prospectors to bum up much 
energy or bankers to dig very deeplj mto their pockets 
simply to locate a mineral that up to World War II was 
used mainly as a colonng agent for porcelam and stained 
glass— and tliey didn’t But in 1898 something happened 
that spurred the search for uranium deposits Badium was 
discovered by Mme Cune m Pans The connection be- 
tween uramum and radium is that uranium always con- 
tains an mfimtesimal amount of radium— about one part m 
three miUion-and, with radium selling at $200,000 per 
gram, the search in all parts of the world was frantic 
One of the richest uranium-radium deposits W'as discov- 
ered at Joachimsthal, in Bohemia The Joachimslhal area 
has a colorful past It abo has an active present and future, 
for it IS today under the control of the Russians Let's have 
a look at it before w e return to some of the nTanium de- 
posits on this Side of the Iron Curtam 
In both Saxony, which is today a part of Russian Ger- 
many, and Bohemia, which is today a part of Russian 
Czechoslovakia, there is an extremeH rich imneral region 
It IS located in the Erzgebirge range, which separates the 
two countries The region has been mined smee the latter 
part of the twelfth centuxy Originally miumg operations 
centered on the tin field of Schonfeld In the sixteenth 
century, however, interest turned from tm to silver, and 
the mining activity shifted to Joachimsthal Silv er mming 
proved so successful that a nunt was estabhshed where 
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Man has just begun to look for uranium Only a few years 
ago It was an unimportant metal used almost exclusively 
as a ceramic coloring agent No one cared much about it 
Today it is the essential feed material for the great atomic 
energy plants of this and other countries It is the base of 
the atomic energy pyramid and— it is bard to find 
It IS almost as though some wise Providence, distrustful 
of man’s wisdom, had hidden it out For example, uranium 
from the famed Shmkolobwe Mine m the Belgian Congo 
must travel twelve hundred miles before it reaches a sea- 
port and must then make a much longer ocean journey 
before it reaches the Umted States It w as hidden— at least, 
not discovered— until 1915 Similarly, uranium from Can- 
ada s Great Bear Lake must travel fifteen himdred miles 
from its source— twenty-five miles from the Arctic Circle 
—before it reaches a railroad, and it can make this journey 
through icy waters but a few months of the year Provi- 
dence kept the secret of this deposit imfal 1930 

Such uranium as has been found in the Umted States 
IS deposited for the most part m the sandstone of the Colo- 
rado plateau Far back m geological history this uranium 
was probably brought to the surface by volcanic action or 
the boiling up of hot ashes and hquids from the restless 
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when it comes to pitchblende Only in certain isolated 
areas m this countiy has it been found, and the amounts 
have been small But uranium does occur in the United 
States, where it appears usually in an ore known as 
camotite, and behind this is a story 
In 1898, when the Cunes first extracted radium, it w’as 
from ores that had been mined in the Joachimsthal area 
A )ear hter, however, a shipment of several tons of 
uranium-bearing ore arrived m France from the United 
States, and radium was extracted from it The w orld now 
had a second source of radium And if )ou should stop 
todaj for gasoline and a soft dnnk on the roadside a few 
miles from the mining town of Natunta, m southwestern 
Colorado, the elderly mair who waits on you may tell 
you— and he would be telling the truth— that it was he 
who dug that ore and shipped it to Mme Cune The ore 
was named camotite in honor of M Carnot, President 
of the French Republic 

By 1912 the Colorado plateau led the world m the 
production of radium, and it retamed that lead until the 
development of the richer Congo deposits The plateau, 
smee then, has had its ups and downs In fact, due to the 
competition of the new African mine, most of the 
camotite mines were forced to remam closed from 1924 
until World War II 

^Vhen we speak of the Colorado plateau we mean an 
area of approximately 130,000 square miles located in 
Eastern Utah, northwestern New Mexico, northeastern 
Arizona, and Colorado west of the Rocky Mountains It 
IS on erosion-scarred land of many colors, a land of sharp- 
walled mesas, deep canyons, and httle water Roads are 
few, steep, and rocky The uranium-beanng ore is found 
most frequently m the places that are most inaccessible— 
the canyon walls near the tops of the mesas It is here 
that prospectors tap away with hand picks and await 
anaously the click of the Geiger counter And when the 
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silver corns, called Joachtmsthaler, were struck The ^vord 

Joachtmsthalcr was later contracted to Thaler, a name 

that IS still used for certain coins in various parts of the 

world and, inadentally, is the root of the American word 

dollar 

Three hundred years later llie mines of Joachimsthal 
turned up a httle-known mmeral, pitchblende, m heavy 
blue-black veins containing uranmm Uranium bad come 
mto demand because of its use as a coloring agent The 
imnes flourished With the discovery of radium at the turn 
of the last century, intemafaonal attention was again fo- 
cused on the rmnes, which for a period enjoyed a world 
monopoly m that elusive and extremely costly element 

Today some of the most productive pitchblende mines 
m the fabulous Erzgebirge range are located at Joachuns- 
thal There are three of tliem One characteristic of the 
mines is that silver is particularly plentifiJ m tlie upper 
workings At the middle levels, however, one finds cobalt, 
nickel, and bismuth The pitchblende ore with its uranium 
IS found most abundantly in the lower workmgs Al- 
though the richest ore was probably taken out long ago, 
thousands of slave laborers are today fervently scratching 
away in these lower levels, extracting the remammg ore 
to feed the Russian atomic effort Additional thousands 
are busy m the many mmes of Saxony where there is an 
apparently plentiful supply of lower grade ore What 
I^d of effort all this goes to support will be discussed m 
a later chapter 

There is one striking similarity among the uramum- 
bearing ores of the worlds three most famous deposits 
the Joachimsthal, the Shinkolobwe, and the Canadian 
deposits of the Great Bear Lake In each the ore is the 
high-grade source of uranium, pitchblende, and it is 
found in association with cobalt and nickel and certam 
other base and precious metals 

Unfortunately, the United States is a have-not nation 
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Airborne radioacbvity-deteclion equipment, niountcd on 
helicopters and light aircraft is being used to de\clop a 
simple, fast way of co\ering this vast area, and the re- 
sults have been encouraging But even tins process 
presents problems Since tlicse instruments, Icnorvn ns 
scmtillometers, which arc more sensitive than Geiger 
counters, are designed to pich up gamma radiation fiom 
uranium deposits, and since the intensity of these radia- 
tions decreases to fifty per cent at about four hundred feet, 
it means that the planes must fly low— in the neighbor- 
hood of five hundred feet Belter results are obtained by 
flymg at even lower altitudes, but flying along the canyon 
walls through tricky air currents is at best n harardous 
business More sensitive scintillometers, how'cvcr, arc be- 
ing perfected which will remove some of llic hazards of 
aenal survey 

Once a discovery is made, die miner must have n place 
to sell his ore within hauling distance of his mines and ho 
must be able to sell it at a price that will give him a profit 
As ore bodies are discovered, the Atomic Energy Com- 
mission must, therefore, encourage private industry to 
erect ore-buymg stations and processing plants 'Hicrc 
are already fifteen points scattered throughout the pla- 
teau where ore can be delivered and sold, and the Com- 
mission pubhshes the guaranteed pnccs paid for ores 
dehvered to any of these stations 
The Commission has never gone into the business of 
mining ore But it has, by offering bonuses, by its 
diamond-drilling programs, and by the establishment of 
prices and hauling allowances, furnished incentives to 
pnvate mining interests With one exception, it has built 
no processing plants in the region All the others have 
been built entirely by pnvate concerns with private capi- 
tal Because of the vanous mcentives offered by the Com- 
mission, however, plus its own drilling program, mining 
activity on the plateau has mcreased rapidly in recent 
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click comes, it is here that the first cTploratory holes are 
dug, back in tlic sandstone layers of the tableland An 
ore body is considered large li it contains a few thou- 
sand tons— not tons of uranium but tons of ore, for the 
ore m such pockets contains only about three to ten 
pounds of uranium to each ton of ore 
This seems a hard way to find uranium, and fortunately 
there is another This involves bonng do%vn from the 
mesa top with diamond drills In this way one can take 
samphngs of the ore bodies that slant back into the mesas 
from the walls The extreme irregularity of the deposits 
and the risks mvolved m exploring for low-grade ores, 
however, make extensive dnlhng impossible for other 
than large companies and government agencies In 1948, 
therefore, the Atomic Energy Commission, with the as- 
sistance of the U S Geological Survey, commenced a 
systematic diamond-dnlling program, guided by expert 
government geologists The drilling is actually performed 
by private companies working under contact to the 
government on the basis of so many dollars per foot Since 
the cost would be prohibitive if one were to drill system- 
atically the whole vast area of the Colorado plateau, 
emphasis has been placed on the mmeral belt in the 
southwestern part of the State of Colorado 

But even diamond dnlling is a hard way to find ore 
One of the greatest problems connected wiA prospecting 
on the plateau, whether by ‘sourdough” or diamond- 
driUmg methods, is water In the sprmg, water is readily 
available, but m the late summer and fall it becomes 
scarce and hauls of eight to ten miles are common 
Is there no easier way to find uramum? Would it be 
possible, some asked, to install a powerful coimter m a 
plane and fly it over this rugged plateau country? Where 
the counter didn't register, the area could be forgotten 
Where it registered, careful ground exploration could be 
undertaken Recently such devices have been employed 
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who had only the advantage of a booklet descnbing the 
charactenstics of various uranium-bearing ores 
In countries where there is no uranium program, the 
United States must be prepared, when new deposits are 
found, to make available drilling tools and mining and 
concentrating equipment It must be prepared to lend 
money and furnish other inducements in order to get from 
the bowels of the earth— very fast— the precious metal that 
may spell the difference between a slave and a free world 
Is the Commission garnering all the uranium ore that 
IS available to the Western World? The answer is “no ” 
Someone has calculated that one part m each 250,000 
parts of the earth’s crust is uranium On this basis uranium 
IS a thousand times as plentiful as gold, a hundred times 
as plentiful as silver, and almost as plentiful as lead or 
zmc In one sense, this is encouraging, but it is also de- 
ceptive Although uranium is literally everywhere (I have 
heard it said there are several pounds in the Washmgton 
Monument), most of it is simply not concentrated enough 
to mine it economically So, unless we can secure uranium 
either from high-grade deposits or as a by-product of some 
other mining operation, the cost of extraction is far too 
great to be senously considered 
Lets take an extreme example It is well known that 
magnesium is extracted economically from sea water It 
IS also known that in one cubic mile of sea water there are 
about five tons of uranium We could get this uranium, 
but let us consider for a moment what it would cost In 
the first place, magnesium is much more prevalent m sea 
water than is uramum It has been estimated that if we 
were to build a plant the size of a normal, economical 
magnesium-sea-water processmg plant, we would get on 
the order of only fifty to seventy pounds of uranium from 
it per year Two scientists several years ago calculated 
that to obtain uramum from sea water at a rate of one 
hundred tons per year, enough to make it a mildly mter- 
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years In 1946 tlie plateau was practically a ghost camp 
witli a little vanadium and no uranium production There 
were only fifteen individual mining operations employ- 
ing a total of fifty-five men The ore commg out was 
chiefly vanadium Today tliere are over three hundred 
uranium-mmmg operations 

In recent years the known limits of tlic mineral belt of 
the Colorado plateau have been widened In 1951, for ex- 
ample, a new discovery was made at Grants, New Mexico, 
close to tlie right-of-way of the Santa Fe Railroad and 
m full view of a well-traveled highway That discovery 
was made by a Navajo Indian, Paddy Martmez, at Hay- 
stack Mountam, north of Bluewater He had seen some 
ore samples at a tradmg-post and recognized them as be- 
mg similar to rocks he had seen near his homestead 
Tlie area is bemg developed, a processmg plant is bemg 
erected with private funds, and new discovenes are bemg 
reported daily 

Other interestmg finds have been made m states as 
far removed from the old Colorado mineral belt as North 
Dakota One discovery follows another All such discov- 
enes will not be made by scintillometers earned in air- 
planes They will not all be found by diamond driUmg 
Some will be found by persons who have not had the 
benefit of a degree m engmeermg or experience m pros- 
pecting for mmerals Some will be found by “accident,’ 
and it IS one of the Commission’s responsibihties to en- 
courage such “accidents’ by spreadmg the word con- 
cemmg uranium To this end, the Commission prepared 
a booklet entitled Prospecting for Uranium Smee 1949 
the Government Pnntmg Office has sold approximately 
100,000 copies of this prospectors handbook The Com- 
mission also has the responsibility of encouraging the dis- 
tribution of similar information by the governments of 
other cmmtries, rernembermg diat a recent discovery in 
the Rum Jungle of Australia was made by a prospector 
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so overwhelming that no aggressor would dare provoke a 
conflict, if we are to he able to exterminate any aggressor 
so foohsh as to start a war (and we must remember that 
such dictators as Hitler, Mussolini, and Tojo were foolish 
to this extent), it becomes clear that we cannot rely solely 
on the so-called “rich” deposits We must seek uranium 
where it can be mined economically m conjunction with 
other valuable mmerals Tins we have done, and we 
turned first to South Africa, whose economy depends 
greatly upon the produebon of gold 
For many years the gold produced by South Afnca has 
been extracted from an ore contammg small quanbbes of 
uranium The amount of ore processed to extract the gold 
IS bemendous Consequently the uranium that might be 
extracted could be significant m amount The problem 
was Could we develop a process which would extract 
from such ores the uranium as well as the gold? Ameri- 
can, British, and South African scienbsts set to work to 
develop such a process, and today it is m operabon We 
are getting this uranium 

In Florida and m the Northwest there are extensive de- 
posits of phosphate rock These contam uranium The ura- 
mum content is very low, but the enormous tonnages of 
rock available contam important quanbbes of uranium 
and other valuable materials, mcludmg the phosphate it- 
self, which IS useful in the manufacture of fertilizer and 
certam chemicals Overlymg these deposits in Florida is 
a type of soil called “the leach zone’ which also contains 
small quanbbes of uranium, as well as some phosphate 
and alumma from which alummum is made 

We could, if we had to, supply all the needs of the 
atomic energy program from these sources But this ura- 
nium, because of the low grade of the ore, would cost 
several bmes as much as the uranium m Canada, the 
Congo, the Colorado plateau, and South Africa, and m 
the process of gettmg it we might have to dig up a sub- 



38 Report on the Atom 

esting source, we would need a plant capable of process- 
ing 12,000,000 tons of sea water per hour The cost of 
such a plant was csbmatcd at about 150 billion dollars 
We could do it, to be sure, but what would be the affect 
on our economy? What would become of the rest of our 
defense effort? 

When we speak of Canada and the Congo and Colo- 
rado as containing "rich** deposits, we have perhaps not 
chosen a very descriptive word Only m a relative sense 
are they "nch ** It takes scores of gondola cars loaded with 
ore from such deposits to give us tlie uranium needed to 
make one atomic bomb Actually, we mine some ores that 
are so low m grade that it requires hundreds of gondola 
cars of ore to produce the core of one bomb So we must 
place the greatest possible emphasis upon exploration- 
exploration for “nch” deposits Wherever members of the 
Commission have traveled m foreign lands we have 
preached the gospel that the security of the Western 
World may depend upon such a simple thmg as people 
keepmg their eyes open Every American oilman lookmg 
for "black gold” in a foreign jungle is derehet m his duty 
to his country if he hasn’t at least mastered the basic in- 
formabon on the geology of uranium And the same ap- 
pbes to every mountain climber, every big-game hunter, 
and, for that matter, every butterfly catcher 

These ‘ nch” deposits have been made available to the 
Umted States by our friends, the United Kmgdom, Can- 
ada, and Belgium Developing even these deposits caimot 
be undertaken m a day, nor without money and cnbcal 
matenals The Atomic Energy Commission has made 
commitments— contracts to buy uramum— which will bmd 
the American taxpayer over a period of several years But 
without such commitments to friendly nabons &e Ameri- 
can atomic energy program (xiuld not exist, much less 
expand 

Put if the Umted States is to possess atomic supenonty 
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worlds richest uranium mine He must know also that 
there are people behind such an operation, courageous 
and friendly men hke Edgar Sengier of the Union Min- 
lere, men who deal in “blue chips” but who have yet 
never haggled when the defense of the Western World 
was the issue He must be able to picture barges coursing 
their way south from the Arctic Circle, carrymg the ore 
of the Great Bear Lake, and in so doing he must see that 
ore being lifted from those barges, trucked across por- 
tages to the ne^ waterway, there again to be reloaded 
To have any appreciation at all of the problems involved 
m the search for this elusive metal, he must be able some- 
how to picture a grizzled prospector m the lonely reaches 
of the Colorado plateau tapping away at an outcroppmg 
somewhere high on a mesa. Congressmen urging on be- 
half of the miners that the precipitous rocky roads of the 
region be improved so that they may get their ore to mar- 
ket, miners assertmg that the procedure for assaying their 
samples is unfair, colleges insisting that their scientists 
be gi\ en a grant to work on the problem of extractmg ura- 
nium from low-grade ore, geologists leaving the Com- 
mission’s employ when appropriations are cut, diamond 
drillers msistmg that with inBabon the pnee per foot of 
dnllmg must be mcreased, Indians of the Navajo tnbe 
meeting m sober council to work out some arrangement 
whereby this new birthright discovered on their reserva- 
tion will not be sold for a mess of pottage 

Yes, one must be able to picture, if even m a very vague 
fashion, five Commissioners m Washmgton, D C , at- 
temptmg to find a formula whereby an incentive can be 
provided to explore and mme, wathout at the same time 
pounng taxpayers’ money down some pack-rat hole in the 
Western desert And he must understand the strong and 
understandable proprietary feeling which prevails m so 
many countries of the world, such as India and Brazil and 
Austraha, countnes which are most reluctant to deplete 
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stanhal chunk of Flonda real estate As it is now, we are 
getting small quantities of uramiim from phosphate rock 
as a by-product of fcrtihzer production 
In a final emergency we could process the uranium 
wbich occurs as a very mmor consbtuent m tlie vast de- 
posits of the so-called "Chattanooga shales” m Tennessee, 
West Virgmia, Ohio, Indiana, and Alabama, but the cost 
would be very great, even greater than that of ^\orkmg 
the phosphate deposits Long before we are backed into 
such a comer our stockpile of atomic weapons will be 
great enough to deter any reasonable would-be aggressor 
who knows or suspects the facts But we cannot assume 
that a would-be aggressor will be reasonable Therefore, 
we can take no chances We must be prepared with the 
necessary scientific knowledge to enter upon this costly 
venbire of developmg the very low-grade ores if it be- 
comes necessary We are so prepared 
The pohbcal and diplomatic problems involved in get- 
tmg uramum have been great The problems involved m 
stimulating prospectors to find the ore, and miners to 
mme it, have been even greater The problems which the 
scientists have had to tackle in order to get from the 
earth’s bowels soraethmg which could be quickly fed 
mto the great processmg and produebon plants of this 
country have been greater still And the problems wluch 
remain— those of explaining to the Amencan people, and 
more parbcularly to Amencan industry, what this all 
means, both from die standpoint of the defense program 
and the ultimate peacetime uses of the energy which this 
metal has locked within it— aie sbll greater 

If one IS to thmk upon the problem of gettmg uranium, 
he must, for any understandmg of it at all, have m his 
mmd s eye many pictures He must, for example, be able 
to picture Shinkolobwe, deep in the brushland of south- 
eastern Katanga Province m the Congo He must picture 
a great open gash in die earth which represents the 
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Tlie Fioduclion Line Ore to Bombs 


E have seen ^\he^e uranium ore comes from and how 
we go about obtammg it Now let us see what we do with 
it after we get it 

It IS a long and intncate route that uranium must travel 
from the mines of the Belgian Congo, northern Canada, 
South Afnca, and the Colorado plateau to the secret loca- 
tions where atomic bombs are stored It is also an expen- 
sive one 

More than three fourths of all the money and matenals 
and skills that America has invested in her atomic energy 
program has gone to build up the plants and laboratories 
that uranium must pass through along the way to a bomb 
This IS the atomic energy production line In some ways it 
IS similar to the production lines that lead from the Xfe- 
sabi iron range of northern Minnesota to your kitchen re- 
frigerator, and from the Texas od fields to the gasoline 
tank of your car But in many other ways it is completely 
diEerent, unlike anything else that is done m industry and 
unlike anything else that has ever been done before in 
the world 

The atomic energy production line includes a m)Tiad 
industrial processes, ranging all the way from such rela- 
tively simple and straightforward operations as the grind- 
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diose natural resources wliicli may someday spell for them 
great future blessings in terms of cheap power It seems 
obvious to me tliat if we arc to continue to get ore from 
abroad we must be prepared also to give up certain in- 
formation and eqmpment and teclmology which will aid 
these countnes in the development of their o\vn atomic 
programs But there will be more on this m the chapter 
on “The International Atom '* Meanwhile, let us see what 
happens to the ore after it is mined and passes into the 
hands of the Atomic Energy Commission 
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It IS your job to get your ore to Durango Let us say you 
haul it by truck, &st across the dry dirt roads that criss- 
cross the wind-swept plateau, and finally along one of 
the new paved highways the government has built to 
open up the uranium country 
When your ore arrives at Durango, it is first weighed, 
sampled, and assayed The assay determines the uranium 
content, and it is very precise because it not only deter- 
mmes the price that is paid to you, but also forms the 
basis for the strict accounting that is kept of the uranium 
along the rest of its way to the bomb stockpiles 
You are paid for your ore according to the amount of 
uranium it contains If it also contams vanadium, as car- 
notite frequently does, you are paid for that too, not be- 
cause the Commission wants it, but because it is another 
valuable metal required in the defense program of the 
Umted States In addition to the pnee paid to you for your 
ore, you are also paid an allowance to cover the cost of 
haulmg it to Durango and an allowance to cover the cost 
of developmg your mine And if your mine is a new one, 
you may also be paid a bonus of from $1 50 to $3 50 per 
pound of uranium for the first ten thousand pounds you 
dehver Since the pnee paid per pound is always at least 
equal to the bonus, you can see that it is possible to re- 
ceive as much as or more than $70,000 for ore contaming 
ten thousand pounds of uranium 
After you have left your ore at Durango, it is under the 
rigid control of the Atomic Energy Commission Most of 
the time the uranium it contains is actually m private 
hands— those of the contractors to the Commission who 
do the processmg work— but the government never loses 
sight of it and never lets it out of its own control 
Let us say that the ore you sold at Durango is the lowest 
grade the Commission will buy This means that a ton of 
it contains two pounds of uranium metal The first job, 
then, IS to isolate that uraimun and remove it from the 
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mg and cruslung of ore to the transmutation of elements— 
tlie dream of tlie ancient alclicmists who vainly sought to 
change common metals into gold But the Atomic Energy 
Commission is after somclliing far more valuable than 
gold It is after the materials, kno\vn to tlie scientists as 
“fissionable,” that pack more energy mto a pound than 
coal does mto a thousand tons 

To get these substances the Commission must take ore 
that is measured in carload quantities and send it on a 
journey from which emerge only minuscule amounts of 
material measured m terms of grams To gam a feeling 
for what this journey is hke, let us select a particular 
quantity, say a ton, of ore and follow it all the way 
through— seeing what happens to it and glimpsmg the 
facihties it passes through along the way 

Let us say that the ore we wish to follow belongs to 
you Let us say you found it high on a mesa m the lonely 
distances of the Colorado plateau where a splash of yel- 
low among the many hues of that colorful land revealed 
the presence of camotite Let us say the chek of your Gei- 
ger coimter confirmed your discovery and that you staked 
out a claim, just as you would if you foimd gold or silver 
or copper Although the ore belongs to you— not to the 
government— you cannot sell it or give it to anyone except 
the Atomic Energy Commission or someone approved by 
the Commission 

But there is a good market for your uranium just the 
same The Commission wants it badly, and will buy it 
from you even though it contains only two pounds of ura- 
mum to each ton of ore 

So you decide to sell your ore to the nearest ore-buying 
depot, of which there are fifteen m the Colorado plateau 
area operated by either die Commission or one of its con- 
tractors Let us say that the nearest depot to you is the 
one at Durango, Colorado, operated by the Vanadium 
Corporation of Amenca under Commission contract 
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It IS your ]ob to get your ore to Durango Let us say you 
haul It by truck, first across the dry dirt roads that criss- 
cross the ^vmd-s\vept plateau, and finally along one of 
the new paved highways the government has built to 
open up the uramum country 
When your ore arrives at Durango, it is first weighed, 
sampled, and assayed The assay determines the uranium 
content, and it is very precise because it not only deter- 
mmes the price that is paid to you, but also forms the 
basis for the strict accounting that is kept of the uramum 
along the rest of its way to the bomb stock-piles 
You are paid for your ore according to the amount of 
uranium it contams If it also contains vanadium, as car- 
notite frequently does, you are paid for that too, not be- 
cause the Commission wants it, but because it is another 
valuable metal required in tlie defense program of the 
United States In addition to the price paid to you for your 
ore, you are also paid an allowance to cover the cost of 
hauling it to Durango and an allowance to cover the cost 
of developmg your mme And if your mine is a new one, 
you may also be paid a bonus of from $1 50 to $3 50 per 
pound of uranium for the first ten thousand pounds you 
dehver Since the pnee paid per pound is always at least 
equal to the bonus, you can see that it is possible to re- 
ceive as much as or more than $70,000 for ore contaming 
ten thousand pounds of uranium 
After you have left your ore at Durango, it is under the 
rigid control of the Atomic Energy Commission Most of 
the time the uranium it contains is actually m private 
hands— those of the contractors to the Commission who 
do the processmg work— but the government never loses 
sight of it and never lets it out of its own control 
Let us say that the ore you sold at Durango is the lowest 
grade the Commission will buy This means that a ton of 
It contains two pounds of uranium metal The first job, 
then, IS to isolate that uramum and remove it from the 
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clay, sandstone, and conglomeration of other materials 
which comprise the rest of the ore Tlie effort to do this 
begins nght at Durango, for the government does not 
want to pay to ship any more of the material tlian is nec- 
essary to the next stage in tlic production chain The 
mctliods used to recover uranium from ore arc not unique 
m mdustry— similar methods arc also employed to remove 
such metals as copper, gold, and silver from the ores in 
which they occur But, even so, it is no easy job, particu- 
larly when one remembers that the uranium is scattered 
through the ore m microscopic particles smaller than the 
pomt— not the hcad~of a pm 

As the first step m the processing chain, your ore is 
placed m a giant crushing machme From there it goes to 
a gnnder where it is ground into small parbcles similar to 
the finest grams of sand Then it proceeds into an mdus- 
trial mfemo where it is roasted with salt at temperatures 
of up to 1,000® F, percolated with water, dissolved m acid> 
heated and reheated, dissolved and redissolved, dried and 
redned Ultimately, after several days of this, the ura- 
nium emerges m the form of a fine grayish-black powder 
that IS a compound of uranium and oxygen It is called 
hlack oxide ’’ The yellow of the camobte is gone 

Out of your original ton of ore we now have left only a 
httle more than two pounds of material consisting of ura- 
nium, oxygen, and some impunties The rest of the ore, 
mmus the vanadium it may have contained, has jomed 
the vast hiUs of "tailings" which grow beside the Durango 
mill 

Now, although we have something which approximates 
pure uranium, it as not anywhere near pure enough to 
serve the purposes for which the Atomic Energy Commis- 
sion wants it It may contain only about one per cent 
of impurities— boron, for example— but this is more than 
enough to make it useless for the atomic energy program 

So the black oxide is shipped on to the next stage in 
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tie production chain where tiie much harder job of pull- 
ing away the elements that elmg so tenaciously to ura- 
nium IS begun For this operation, your uranium may be 
sent to the Commission's new Feed Matenals Frocessmg 
Center at Femald in southwestern Ohio, or it may go to 
one of the great chemical plants which sprawl over the 
mdustrial areas of our midwestem cities, and where only 
a guard force and a fence around a building or two show 
that something occurs there to which the public is not 
invited 

No matter to which location your uranium is shipped, 
the thmgs that are done to it are generally the same Let us 
say, then, that it goes to the processing center at Femald 
The buildmgs and equipment at Femald are o\vned by 
the Commission, but the operation is earned on by a pn- 
vate company, the National Lead Company of Ohio, em- 
ployed by the government to perform this specific job 

Here your black oxide is put through the usual initial 
steps of weighing and analyzing, and the results must 
check with the last report from Durango or an investi- 
gation IS set in motion immediately to find out why they 
differ 

Once these preliminary steps are out of the way, how- 
ever, your black oxide re-enters the world of burning acid 
that it so recently left at Durango If you could catch a 
ghmpse of it at one quiet moment along this segment of 
Its journey, you would see that the black powder which 
had arrived at Femald was now a bnght orange But this 
would be only a stage, and if you waited until it finally 
emerged its color would be a deep brown This material, 
still m the form of fine powder, is called ‘brown oxide,” 
and it differs from black oxide not only m its chemical 
composition, but also in one odier very important respect 
by now the uranium in it is pure 

One might think that, now that we had a chemical 
compound containing pure uranium, we would be close 
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to the end of our journey We arc not Actually, we have 
hardly begun Our uranium, for example, has not yet even 
seen any of tlio great atomic energy plants at such places 
as Oak Bidge, Hanford, Savannah ^ver, or Paducah The 
reason for tins is that natural uramum, even in its purest 
form, cannot be used in a bomb Wliat the Commission 
wants for a bomb are the fissionable materials tliat ura- 
nium can be made to produce 

There are two of these One is a very special land of 
uranium kno\vn as uranium-235, which occurs naturally 
but very spanngly— less than one per cent— m normal ura- 
nium metal Our problem here is to get this “235” out, and 
no ordinary industrial methods can be used because ‘235” 
and normal uranium react to all chemical processes m the 
same way 

The other fissionable material is plutonium This does 
not occur m nature at aU, not at least m any amount wortli 
mentioning It is not in uranium and it is not m anything 
else But it is an element, like gold or lead or uranium, and 
to make it man must prachce the fantastic art of transmu- 
tation for which the alchemists sought so long m vam The 
problem here, then, is to change— not lead mto gold— but 
uranium into plutonium 

To see how this is done, let us return first to the slightly 
more than two pounds of brown oxide that has emerged 
from your ton of ore Brown oxide is a simple chemical 
compound It consists of one part of uranium bound chem- 
ically to two parts of oaygen But, so long as the oxygen is 
present, the uranium cannot be used to produce either 
‘235" or plutonium, and the oxygen cannot be removed ex- 
cept by supplantmg it with something else 

So back the brown oxide goes to the chemical baths, 
and this time it emerges as a hght green powder known 
as ‘green salt The oxygen is gone and m its place is 
fluorine To get a rough idea of how difficult this operation 
IS, one need only recall that, of all the elements m the 
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world, fluorine is probably the the most corrosive It will 
dissolve glass, severely corrode most metals, including 
stainless steel, and ignite all organic materials such as 
wood, clothmg, many plastics, and oil It will even react 
with water, and if it is introduced into overly moist, con- 
fined air, it will explode violently 

Although die process for producing it is a dehcate and 
potentially hazardous one, green salt itself is a stable, rel- 
atively harmless compound It is of very great value to 
the atomic energy program, for it marks the starting point 
in the manufacture of botli plutonium and uranium-235 
It is here, therefore, that the road divides, one fork lead- 
ing to the bomb stockpiles via the great plutonium plants 
at Hanford and Savannah River, and the other via the 
huge uranium-235 plants at Oak Ridge, Paducah, and 
Portsmouth 

Let us say that half of your uranium goes in one direc- 
tion and half in the other On a purely arbitrary basis, for 
both are important, let us first follow the route marked 
“plutomum ” 

To produce plutonium, the material that is needed is 
pure uranium metal This metal is rather simply obtained 
from green salt in one clean chemical operation that re- 
moves the fluorine from the salt and leaves pure uranium 
m a molten blob at the bottom of the reaction vessel 
After it has cooled, you can now for the first time see your 
uranium in all its pnstme beauty— a bright, very heavy, 
hard material not unlike lead in weight and not unhke 
nickel m color Your uranium, although mildly toxic if in- 
haled or eaten m the form of dust, is now safe to touch 
and hold And it is not unhke many other metals, such as 
silver, lead, and gold, except that it will form a grayish- 
black rust very rapidly along its surface if exposed to the 
an for any appreciable penod of time When it is recalled 
tliat as recently as 1942 there was not enough purified ura- 
nium in the world to fill a small briefcase, it is evident that 
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the large-scale production of this metal is no mean 
achievement 

Now the chemist is through with your uranium for a 
while, and it passes into the hamls of the metallurgist and 
machinist Here, with other urinium, it is cast into ingots, 
rolled into long rods, and Uicn cut into relatively short 
cylindrical bars To prevent deterioration through the 
formation of rust, it is scaled as soon as possible into tight- 
fitting aluminum cans It is now ready for the plutonium 
production plant 

Let us say that one of your hvo pounds of uranium has 
found its way into a can destined for one of the futuristic 
plutonium plants at Hanford on the banks of the majestic 
Columbia River The Hanford plant was built dunng the 
war by the du Pont Company It is now operated by Gen- 
eral Electric under contract to the Commission 

When it amves at Hanford your uranium is ready for 
one of the most exciting and mysterious parts of its jour- 
ney on the way to a bomb You can feel the importance 
and mystery in the air when you visit the government- 
built town of Richland, which hes just outside the 400,000- 
acre reservation where the widely separated plutonium 
plants are located 

Richland is an open” city You can drive mto it and 
stay at the hotel You can walk down its streets, shop m 
its stores, go to its movies, and visit in its homes It is a 
pleasant, busy community of about twenty thousand peo- 
ple, with children playing along its sidewalks, and bakery 
and laundry trucks mingling with the pnvate cars which 
line its streets Except for its freedom from smoke and dirt, 
it is not imlike many other towns of similar size through- 
out the country 

But the imprmt of the atomic age is upon it just the 
same You can feel it when you walk by the white frame 
buildmg which faces the mall and see the sign m front 
which says simply ' U S Atomic Energy Commission, 
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Hanford Works ” You can feel it when you look out in the 
direction of the plant area and see the small patrol plane 
endlessly circling around the periphery of the controlled 
reser\'ation And you can feel it when ) ou notice the road 
leading north, out past the city limits, past the guards and 
the gate marked ‘ Prohibited Area,” and into the barren 
acreage where the gray shape of one of the plant areas 
looms faintly m the distance 

It IS into this forbidden region that your uranium now 
must go, there to be transmuted, at least in part, into the 
precious man-made element plutonium 

The process by which this transmutation is accom- 
plished is unique in industry It is not a chemical process, 
such as the burning of coal or the manufacture of syn- 
thetic rubber It is a nuclear process and tahes place in 
a huge, box-shaped pile of graphite and uranium which is 
several stones high and is known, appropriately enough, 
as a “nuclear reactor ” 

The reaction which occurs in a nuclear reactor differs 
from a chemical reaction in that it involves, not such 
“large’ particles of matter as molecules and the outer 
shells of atoms, but rather the hard, unimaginably minute 
inner core of an atom known as its nucleus, about which 
the outer particles revolve as planets around the sun For 
a very long time the atom successfully guarded this inner, 
mviolate area from the increasingly persistent encroach- 
ments of man As a matter of fact, it was only a few years 
before the advent of the atomic energy program that man 
first penetrated this mner heart, and even then he was 
able to do so with only an atom or two at a time, aided 
by mammoth and ungainly machines bearmg such Buck 
Rogensh names as “cyclotron,” betatron,* and “Van de 
Graaff generator ” 

This is the world of the Hanford process, of the nuclear 
chain reaction It is the world of the proton and neutron, 
particles of matter so small that more than a hundred 



5 ® Iteport on the Atoin 

million of them would not make a speck large enough for 
the human eye to see And it is the world of the physicist 
and radiochemist~the men of science who ceaselessly 
probe the mysteries of the nuclei of atoms, and whose re- 
searches first produced the knowledge that every so often 
a uranmm-235 nucleus will spht in two, releasing neutron 
“bullets” which, if they can be made to strike other “25o' 
atoms, will m turn cause these to spht m two Tins is the 
nuclear chain reaction—llie process upon which the entire 
atomic energy program is built 

It was also the physicist who discovered that these neu- 
tron bullets which shoot out a sphlbng “235" atom will, if 
they can be made to stnke the nucleus of an ordinary ura- 
nium atom, called uranium-238, cause it to undergo the 
miraclo of transmutation In the nuclear reactors at Han- 
ford, bilhons of such muualure atomic explosions arc tak- 
ing place, and billions upon billions of neutrons are being 
released to perform their vital work of changing normal 
uranium into plutonium 

In many ways we can think of this reaction as a nuclear 
fire In fact, people who work with reactors often refer to 
them as nuclear “ovens" m winch they cook" uranium 
But the “fire” that is raging inside is not at all like an 
oidinaty coal or chemical fire For one thing, it needs no 
owgcn— only neutrons— to make it go For another, unlike 
a chemical fire, you can’t see or hear it The billions of 
miniature explosions are so small and so dispersed among 
the uranium and graplule that they cannot be detected 
by any human sense of hearing But, )ust like a chemical 
fire, this nuclear fire produces heat and to keep the reactor 
from melting, it must constantly be cooled by water flow- 
ing dirougb a network of thousands of tiny crevices 

There is another important difference betw'een a nu- 
clear fire and an ordinary diemical one, and that is the 
production by the nuclear reaction of invisible, intensely 
lethal rays that must be guarded against by a great shell 
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of lead and concrete, many feet thick, surrounding the 
uranium and graphite core 

This IS what you see when you look at a reactor— tlie 
forward face of the lead and concrete shell, pimcturcd by 
hundreds of small, round holes, about the size of a silver 
dollar into which the cylindrical cans of uranium are fed 
at loading time It is a strange and awesome feeling to 
walk into a reactor building and see this huge face of 
concrete looming above you Only the soft hum of the 
ventilating equipment and the pumps that push the water 
through the reactor break the impressn e stillness In some 
ways It IS not unhke entermg into the purposeful tran- 
quillity of an operating-room where the dramatic battle 
between life and death is joined 
This IS the throne room wdiere King Atom reigns su- 
preme This IS where he practices his mystic arts in the 
privacy of his concrete cell Man has already contributed 
his part by calculating just the right configuration of ura- 
nium and graphite needed to release the hidden forces of 
the atom and by budding the pile to these specifications 
Now man’s prmcipal interest is to control the reaction so 
that It proceeds to just the right level to produce the most 
plutonium possible He does this, with the aid of ma- 
chinery, by manipulating metalbc bars that absorb neu- 
trons When the atomic fire gets too hot, he pushes the 
bars in, thus absorbing sufficient neutrons to slow down 
the reaction If the fire gets too cold, he can remedy that 
by pulling the bars out 

To see how this is done, let us walk into the control 
room from which man s influence over the nuclear re- 
action IS directed If you have ever been inside a televi- 
sion control booth, you will have a rough idea of what 
this control room is like Three walls consist of great 
banks of instruments with flashing red and green lights, 
dials With hands that sweep mterminably, and mechanical 
pencils that draw Imes, day m and day out, on rollmg 
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sheets of graph piper Before one ^^aIl there is a panel of 
instruments arranged in front of a chair and looking much 
like an organ console 

Here, for the first time in the reactor building, we en- 
counter people— perhaps a man or two in a while dust 
coat, and maybe a girl Tlicy are watching the lights and 
the graphs and Uie dials Occasionally one wall touch a 
lever or a button Occisionally one ^vl^l speak bnefl) into 
a telephone or write something do\vn on a pad of paper It 
IS all very quiet and businesslike, and, to the uninitiated, it 
IS an electronic maze he cannot hope to understand 

From the control room you have a good view of tlie 
loading face of the pile Let us say it is loading day The 
pile is shut down, the control rods are in, the “fire” is 
temporarily quenched Let us say that your pound of ura- 
nium, sealed with otlier uranium m an aluminum can, is 
being loaded mto the reactor Together with thousands of 
other cans, it goes with the aid of machinery into one of 
the many small, round holes that lead through the con- 
crete and lead shielding to the reactor core Once in the 
reactor, it rests in tubes around which cooling water is 
circulated and which are separated by solid cubes of 
graphite The graphite is there because it helps to direct 
die neutrons released m the atomic fire to their ultimate 
goals m uraniura-238 

After your uranium is inserted m the pile, the holes 
leading through the concrete shell are sealed with lead 
stoppers, the control rods are gradually withdrawal, and 
the pile of uranium and graphite bursts mto nuclear 
flame There your uranium remams for a period of sev eral 
months, “cookmg,’ undergomg its o^vn strange kmd of 
metamorphosis as mmute particles in it change from one 
basic element mto another 

Wlien the uranium is ‘ done’ —that is, when as much as 
IS efficiently possible has been changed mto plutonium— it 
IS pushed out the other side of the reactor mto a canal 
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filled with water to a depth of thirty feet This water 
absorbs the deadly rays now emanating from the contents 
of the aluminum can 

Months of nuclear coohing have made the uranium 
“hot”— m a nuclear sense But there is no visible change 
m the aluminum can, and, if you could see it, the uranium 
itself would not look vastly different Tlie particles that 
have changed into plutonium are individual atoms widely 
dispersed throughout the uranium, and they could not 
be seen even with the most powerful microscope But the 
can IS “hot’ even so, and although you would not feel this 
radiation immediately by touchmg it, the e\cruciatmgly 
severe bums that would shortly appear on your hand 
would tell you that you had dared to defy one of the basic 
forces of the universe 

The can containing the uranium and plutonium is now 
allowed to “cool” for a month or more m the canal You 
can walk doNvn to this cement-hned channel and look over 
tlie raihng There, deep below you, amid the subterra- 
nean equipment used to transport the cans away from the 
reactor, you can see one of the most eerie and beautiful 
sights of the atomic age—lhe cold blue glow that sur- 
rounds each can of uranium and that marks the effect of 
its intense radioactivity on the water 
From the canal your can of uranium goes to another 
building and back mto the hands of the chemist Only a 
fraction of the uranium has been changed into plutonium, 
and the problem now is that old familiar one of separa- 
tion— to get the plutonium out This, of course, is a chemi- 
cal problem, for uranium and plutonium, being different 
basic elements with different chemical properties, can 
be separated by conventional chemical means But we 
must remember that your metal now is intensely radio- 
active and cannot be handled m conventional ways So 
the entire chemical separation process, including the 
handhng of burning acids and the transfer of materials 
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from one cell to another, must be carried out by remote 

control behind great lead and concrete barriers 

Tins, as might be imagined, is an immensely difficult 
job, even when performed with the aid of such modem 
devices as mechanical hands, mirrors, penscopes, and 
television But it is done nevertheless, and when it is 
completed we have, at long last, the precious man-made 
element we have been after all along— plutomum 

Pure plutomum metal loolvS much like pure uranium, or, 
for that matter, like pure nickel, silver, or chromium It is 
heavy, like natural uranium, but differs from it m one 
very important respect— if it is brought together mto what 
the scientists call a "critical mass” it will axplode like an 
atomic bomb As a matter of fact, it would be an atomic 
bomb It is also poisonous, and, to make matters still 
worse, radioactive The scientist who named plutonium 
quit© evidently knew what he was domg, for ‘plutomum” 
is also the ancient name of the vapor-dimmed entrance to 
Hades It is obvious from tlie properties of plutomum 
metal that it must be handled with the utmost precision 
and the most painstakmg kind of care 

From the Hanford chemical-processing plant your ura- 
nium, or rather now, your plutomum, is taken deep behind 
the cloak of security to the secret locations where it is 
fabricated by machine-shop methods into shapes that 
can be used in the cores of bombs Farther along the pro- 
duction line it meets and is assembled with the non-nu- 
clear components of the bomb, and the whole goes mto 
the national weapons stockpile, ready for use agamst an 
aggressor m time of war 

This plutomum— of which only a fraction of an ounce 
has been produced from the onginal ton of uranium 
ore—js for all practical purposes a stable, permanent ma- 
terial of immense value, not only as explosive-weapon 
material, but also as fuel for atomic power plants Any 
time we decide that we need it more for power than we 
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do for weapons, we have only to take it out of the bomb 
stockpile and put it to peaceful use 
You will recall that when we set out on the road marked 
“plutonium,*’ we left behind appro\imalely a pound of 
green salt destined to travel the uranium'^5 route to a 
bomb Now that ^ve have had a glimpse of the plutonium 
process, let us go back to Femald and follow this other 
batch of green salt on its way to a bomb 
The process is quite different Tliere is, for evample, no 
transmutation involved, and no nuclear reaction But it 
IS no less unusual, no less fabulous, and no less difficult 
The differences betiveen the tuo processes stem partly 
from the fact that uranium-235, unlike plutonium, e\ists 
m nature It is present in all natural uranium, and it is 
therefore present in the uranium in your green salt Tlie 
problem is to get it out 

To acquire some idea of the magnitude of this job, it 
must first be understood that uramum-235 is an e\fremely 
rare substance Although it exists in natural uranium, it 
IS there m a ratio of only 1 to 140— in other words, there is 
but one part of “235” to each 140 parts of the normal ura- 
nium knoivn as uranium-235 
It must also be understood that uranium-235 is iden- 
tical, chemically speaking, with uranium-238 This means 
that It melts at exactly the same temperature, and that it 
reacts with all chemicals in exactly the same way Thus, 
if you were to place a small quantity of “235’ in one test 
tube and an equal quantity of “238 in another, and were 
to pour in, one at a time, every otlier substance known to 
man, the reactions that would take place in each test 
tube would be identical As you can see, this poses a 
rather difficult problem when one wishes to develop an 
effective means of separatmg the two 
It was this problem of separation that occupied the at- 
tention of a good many of the scientists connected with 
the Manhattan Engineering District during the war Be- 
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cause there is no chemical difference between uranium- 
235 and 238, the scientists quite naturally turned to its 
nuclear differences to find an effective separation process 

Tlicre IS, of course, one spectacular nuclear difference 
behveen “235” and “238” the nucleus of a “235” atom will 
split in two when struck by a neutron, whereas the "238” 
nucleus will change into plutonium But this is hardly a 
useful means of separation, for, even if we could shoot a 
stream of neutron bullets into a piece of uranium, we 
would succeed only in destroying the “235,” not in isolat- 
ing It 

The only other difference between uranium-235 and 
238 that IS of any consequence is a very, very shght dif 
ference m weight U-235 is lighter The scientists seized 
upon this shght difference m weight as the only hope for 
devismg an effective method of separation Several pos- 
sible approaches were followed One of tlie first was a 
process known as electromagnetic separation This con- 
sisted of combimng the uranium with another substance 
to form a gas, then charging the gas electncally, then 
shooting it m a stream of molecules past a giant magnet 
The theory was that the lighter molecules would be de 
fleeted ever so shghtly more than the heavier ones as they 
passed the magnet, and thus could be collected separately 

Fantastic as it may sound, this process actually worked, 
and a $350,000,000 plant was erected at Oak Ridge to 
carry it out It is a matter of considerable mterest that this 
plant actually produced the uranium-235 that was used 
in the first atomic bomb that exploded over Hiroshima 
in August 1945 This process, however, has since been 
abandoned, for the very good reason that another process 
was developed about the same tune that turned out to be 
better and more efficient so far as the production of ura- 
nium-235 m relatively large quantities is concerned 

It IS this newer process, called “gaseous diffusion,” that 
IS still used today in the great plants now built or build- 
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mg at Oak Ridge, Paducah, and Portsmouth, in which the 
government has invested slightly more than three billion 
dollars So far as its basic pnnciple is concerned, the gas- 
eous-diffusion process is not a complicated one If you 
know how a sieve works, you know how gaseous diffusion 
works, for the basic idea is essentially the same Uranium 
in gaseous form is simply pumped through a senes of 
“sieves,” called barriers, and the lighter atoms of U-235 are 
gradually concentrated and taken off at the end of the 
line m virtually pure form It is not nearly so simple as 
separating sand from gravel, however, for in the gaseous- 
diffusion process w'e are dealing with individual molecules 
of matter so small that they cannot be seen even with the 
most powerful microscope It is these molecules that must 
be sifted through the barriers, and Oierefore the holes 
in the barrier material must be unbebevably small— less 
than one two-millionth of an inch in diameter Another 
complicating factor is that the difference in weight, and 
therefore m mass, between the molecules of the heavier 
U-238 and the lighter U*235 is Jess than one per cent This 
means that if you sent your mixture through but one bar- 
rier, the increase in the proportion of U-235 present would 
be so small that it could hardly be measured The mixture 
therefore must be sent, not through one barrier, but 
through thousands, and this is why gaseous-diffusion 
plants are so large 

It IS hard to imagine uranium, one of the heaviest 
metals in the world, in the form of a gas Yet it must be 
made mto a gas if it is to be separated, and so, as the first 
step in the gaseous-diffusion process, the chemist— the 
indispensable man” of the atomic energy program— is 
called upon to put it in gaseous form 

It IS rather typical of the perversity of nature m mat- 
ters of this sort that the only gas that can be used in the 
gaseous-diffusion process is uranium hexafluoride, which 
is composed of one part of uranium to each six parts of 
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our old corrosive friend, fluorine To mike ‘licx," as ura 
imim licxafluondc lias come to be known Uiroughout the 
atomic energy program, the chemist turns to the green 
salt we left at Femild when W'O decided to follow tlie 
plutonium route to a bomb 

Green salt, like "Iiex,” is composed of uranium and 
fluonne, but it contains proportionately more uranium 
than docs 'licx** Tlie chemists problem, then, is to m 
troducc more fluorine into the compound he already has 
Tins job entails all of the diflicultics and potential hazards 
that inyonc who handles fluonne must face, and these are 
compounded by the unpleisint fact that the chemical 
bonding of the fluorine to the uranium must take place at 
a high temperature But the chemist docs it just the same, 
and the product he gets is now ready for the gaseous 
diffusion plant 

Let us look for a moment at this product In making 
his licx” the chemist has not only succeeded m producing 
a material that can be used in the gascous-diffusion proc- 
ess, he has also produced a material that is nearly as cor- 
rosive and as dangerous to handle as cither pure fluonne 
or hydrofluoric acid Whereas green salt is a relatively 
docile compound, this is certainly not true of 'hex" It 
will, like pure fluonne, severely corrode and sometimes 
Ignite many metals and all organic materials if it touches 
them in the presence of air And yet tins is the material 
that must be fed mto the gaseous-diffusion plants at Oak 
Ridge, Paducah, and Portsmouth Moreover, the hex” 
must be used m the form of a gas, and yet at room tem 
perature it is actually a solid To make it into a gas, there- 
fore, its temperature must be raised This means that 
while it IS in the gaseous-diffusion plant it must be kept 
relatively hot, a condition which adds to its corrosiveness 

It should be clear from this that a gaseous-diffusion 
plant must incorporate some design features and some 
materials that are not required m the usual mdustrial 
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plant For one thing, the whole system must be leak- 
proof, for another, nothing m it must be made out of 
anything that reacts with fluorine— and that includes 
most common materials This lattei requirement naturally 
presented some rather difficult problems to the designers 
of the gaseous-diffusion process, particularly when it came 
to such things as lubricants and seals— articles that are 
generally made out of the organic compounds tliat fluo- 
rine likes best 

The way in which tliese problems were solved com- 
prises one of the most interesting stories in the entire 
atomic energy program Briefly, it consisted of an all-out 
research effort to find, or to develop if need be, a group 
of plastics, oils, and waxes that would be immune to tlie 
intense corrosiveness of uranium hexafluoride Now if 
there is anything in the world that is immune to fluorine 
It IS quite obviously fluorine itself It is not surprising, 
therefore, that this research effort led to the development 
of a whole senes of brand-new materials in which fluorme 
IS one of the mam constituents 

These raw materials— called fluorocarbons, because they 
are combinations of fluorine and carbon— are colorless, 
odorless, harmless, and chemically stable One of the most 
appealmg things about them is that they are not only 
resistant to fluorine, but are also resistant to practically 
everything else, includmg heat, fire, water, most acids, 
and— oxygen, the culprit in the atmosphere that causes 
the fairly rapid deterioration of so many similar sub- 
stances 

Here is a case, then, where the atomic energj- program 
has produced, as a by-product, a new series of materials 
that will mevitably find many important apphcations m 
the manufacture of such things as tough, long-wearing 
plastics, oils, and possibly pamts I know this is a predic- 
tion, but it is based on the knowledge that at least one 
new, valuable use for fluorocarbons has already been 
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found— in the production of plastics for protecting costly 
metal products from corrosion and for insulating elec 
tronic equipment Fluorocarbons arc expensive now, and 
this limits the range of their application, but the price is 
bound to come do\^n as production is increased to meet 
the demand that new uses will create 

Now tliat your uranium, in the form of "hex,” is ready 
for its journey through one of tlie Atomic Energy Com- 
mission’s three gaseous-diffusion plants, it is placed in a 
metal container, specially constructed for safely purposes, 
and sent, let us say, to Oak Ridge, where tlie first gaseous- 
diffusion plant ever built is still in operation It is operated 
for the Commission by the Union Carbide and Carbon 
Company 

Oak Ridge is a busy town of about 35,000 people, nestled 
in a long, narrow valley stretching between hvo moder- 
ately lugh, wooded ridges in the hills of eastern Tennessee, 
about twenty miles west of Knoxville To accommodate 
itself to its valley home, the town is about nme miles long 
and only about a mile or so wide at its center 

If any town m the United States has the right to be 
called ' Atom City,” it is Oak Ridge It is the oldest of the 
communities built to house atomic energy workers, and 
it IS the largest and most diversified It is the home not 
only of the gaseous diffusion plants, but also of the Oak 
Ridge National Laboratory, where a great variety of re- 
search work is performed, and the Oak Ridge Institute of 
Nuclear Studies, which, m co operation with a group of 
southern universities, is a major traming center for the 
atomic energy program 

Oak Ridge was built during the war by the Army Corps 
of Engineers At the height of the construction period 
more than eighty thousand people were crowded into the 
temporary dormitories and homes that had been hterally 
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carved out of the wilderness Tiiose were days of bustle 
and bulldozers, mud, and movement, and from it all there 
arose the first gaseous-diffusion plant, the pilot plant for 
the reactors at Hanford, the first and only electromag- 
netic-separation plant, and the Oak Ridge National Lab- 
oratory 

Of these, only the electromagnetic-separation plant has 
been shut down, and this, as we have seen, only because 
the gaseous-diffusion method turned out to be very much 
better But the buildings of the clcclromagnetic'plant are 
still used to house a variety of miscellaneous activities, 
mostly having to do wth research 

The towTi of Oak Ridge still retains many of the out- 
^^ard features of a typical Army post— roominess, low- 
lymg frame buildings, and here and there a barracks-like 
dormitory Many of the commercial, residential, and office 
buildings are temporary structures left over from the early 
Manhattan District days But the face of Oak Ridge is 
changing As the temporary buildings outlive their use- 
fulness and are removed, pennanent stores, schools, and 
homes go up in their place Oak Ridge is beginning to 
take on the look of a typical American community, par- 
ticularly m the residential areas which climb the wooded 
ridge behind the center of town 

Like Richland m Washington, Oak Ridge is an open 
cit) Visitors may drive into it, shop in its stores, visit its 
homes, and browse through its principal public show- 
place, the American Museum of Atomic Energy But the 
plants and laboratories, which he in three widely sepa- 
rated valleys away from the town, are out of bounds to 
the average visitor 

It IS out into one of these valleys, past the sign that 
reads Prohibited Area,” that your uranium now must go, 
there to begin its long, tortuous journey through the gas- 
eous-diffusion plant 
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found— in the production of plastics for protecting costly 
metal products from corrosion and for insulating elec- 
tronic equipment Fluorocarbons are expensive now, and 
this limits the range of their application, but the price is 
bound to come down as production is increased to meet 
the demand that new uses will create 

Now that your uranium, m the form of "liex,” is ready 
for its journey through one of the Atomic Energy Com- 
mission’s three gaseous-diffusion plants, it is placed in a 
metal container, specially constructed for safety purposes, 
and sent, let us say, to Oak Ridge, where the first gaseous- 
diffusion plant ever built is still in operation It is operated 
for the Commission by the Union Carbide and Carbon 
Company 

Oak Ridge is a busy toxvn of about 35,000 people, nestled 
m a long, narrow valley stretching behveen two moder- 
ately lugh, wooded ndges in the lulls of eastern Tennessee, 
about twenty miles west of Knoxville To accommodate 
itself to its valley home, the town is about nme miles long 
and only about a mile or so wide at its center 

If any town in the United States has the right to be 
called “Atom City,” it is Oak Ridge It is the oldest of the 
commumties built to house atomic energy workers, and 
it IS the largest and most diversified It is the home not 
only of the gaseous diffusion plants, but also of the Oak 
Ridge National Laboratory, where a great variety of re- 
search work IS performed, and the Oak Ridge Institute of 
Nuclear Studies, which, m co-operation xvith a group of 
southern universities, is a major trammg center for the 
atomic energy program 

Oak Ridge was built dunng the war by the Anny Corps 
of Engineers At the height of the construction period 
more Aan eighty thousand people were crowded mto the 
temporary dormitories and homes that had been hterally 
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diameter But these are the lengths to which man must go 
to isolate the explosives— and the fuel— of the atomic age 

When your pound of uranium, in the form of ‘liex,** 
arnves at Oak Ridge, it is into this remarkable system 
that It IS placed It goes into one of the many compart- 
ments as a hot gas, and from there it is cycled and re- 
cycled through diousands of other compartments and past 
thousands of barriers until part of it can be drawn off as 
gas containing virtually pure uranmm-235 
This is the way it works When your 'liex” has been in- 
serted into the plant, and after about half of it has passed 
through the first barrier into the next forward compart- 
ment, the remaining half— slightly depleted m ‘ 235 ’—is 
drawn off and sent baclavard to a compartment at a lowei 
stage in the chain This must be done by halves, because 
if all or too much of the gas in tlie first compartment were 
permitted to pass forward to the next stage, the propor- 
tion of “235’ in the succeeding stage would not increase 
The whole purpose of the plant, of course, is to mcrease 
that proportion bit by bit 

This backsvard-forward movement is repeated at each 
of the thousands of stages in the plant, with each mole- 
cule of the ‘235” gas inching its way gradually forward 
through the plant, and each molecule of “238’ gradually 
inching its way backward The net forward movement is 
so slight that it takes even the “speediest” molecule many 
months to pass through the entire plant, and the volume 
of gas at the lowest stage is more than 100,000 times 
greater than it is at the uppermost, where the uranium- 
235 ‘ cream” is taken off 

Once out of the plant, the “hex” that is now highly 
enriched by uranium-235 goes again to the indispensable 
chemist, who removes the fluorine, leaving, finally, pure 
uranmm-235 metal This metal looks exactly like normal 
natural uranium, and, as a matter of fact, it is exactly like 
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If ^ou have never seen a gaseous-diffusion plant, there 
arc no words that will prepare you for such an experience 
Your first impression, as you view it from afar, is one of 
sheer size The plant at Oak Hidgc is tlie largest continu- 
ous-process plant in the world Its main building, in the 
form of a giant “U" three stories high, covers an area a 
half-mile long and a quarter of a mile wide Nearby are 
three very large, but somewhat smaller, buildmgs, with 
anotlicr one under construction At the time this is wit- 
ten, the floor area of the buildings already in operation is 
equivalent to more tlian sixteen city blocks 

But if the impression you receive from afar is one of 
sheer size, the impression a close-up view gives you is one 
of sheer complexity If you were to walk into one of the 
many doors of the mam building— doors large enough for 
a heavy truck to drive through— you would find around 
jou almost a solid maze of pipes, wires, and instruments 
It IS impossible to desenbe the intricacy of this equip- 
ment, but it is possible to convey a feeling for its bulk 
For instance, just for the two most recent additions to the 
plant, not includmg the mam ongiml buildmg, tlie cop- 
per tubing and other pipe material required would extend 
in a line from Washington, D C , to Hartford, Conn , 
enough electrical wiring was used to stretch a telephone 
cable from Jacksonville, Fla , to Boston, and tlie building 
siding needed would enclose nearly t^vo hundred six-room 
houses 

To operate its thousands of pumps, the Oak Ridge 
diffusion plant, like its sisters at Portsmouth and Paducah, 
uses as much electric power each day as New York City, 
and to control the temperature of the hot hex ’ gas the 
plant uses more water daily than the city of Washmgton 

This, as you can see, is a big operation, and yet all of 
it is set up for just one purpose— to push a gas, a molecule 
at a tune, through a senes of barriers perforated xvith 
minuscule holes smaller than two milhonths of an mch m 



CHAPTER IV 


The Expanding Progi am 


Most people, I feel sure, have no idea how much the 
atomic energy program has grown in the six years that 
have pissed since the civilian Commission took over from 
the Army s Manhattan Engineer District At the big pro* 
duction centers at Oak Ridge and Hanford, originally built 
during the war, three major expansions have been under- 
taken In addition, three more entirely new billion-doUar 
production plants have been established at Aiken, South 
Carolina (called the Savannah River plant), Paducah, 
Kentucky, and Portsmouth, Ohio 
Each of these important expansions has called for new 
facilities all along the ore-to-wcapons chain— at places 
like Los Alamos and Sandia, eslabhshed dunng the war, 
Femald, Ohio, where a new feed-materials processing cen- 
ter has been erected, and Eniwetok and Las Vegas, where 
new weapons-testing ranges have been set up Add to 
these the new research and development facilities at 
Such older locations as Oak Ridge, Brookhaven, Argonne, 
Berkeley, and Schenectady, and such new locations as Mi- 
amisburg, Ohio, the reactor testing station m Idaho, and 
the atomic power laboratory at Pittsburgh, and you will 
begin to appreciate the scope and rapidity of the atomic 
energy program’s growth 
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normil natural uranium— except for two interestmg differ- 
ences it IS ever so slightly lighter, and it will, if brought 
together into a “critical mass," explode hke an atomic 
bomb 

As with plutonium, the amount of uranium-235 that has 
emerged from your original ton of ore is but a fraction of 
an ounce And also, as with plutonium, this product goes 
from Oak Ridge deep behind the cloak of secrecy to the 
places where it is machined and finally stored m atomic 
bombs 

You will recall that plutonium deteriorates so slowly 
that only half of it is gone m 24,000 years In this respect, 
uranium-235 is even better, for only half of it will be gone 
m 710 milhon years Like plutonium, then, it is, so far as 
we arc concerned, a stable, pennanent matenal of im- 
mense value, for it can be used not only as an explosive m 
weapons, but also— if it need never be used in weapons— as 
fuel for atomic power plants It is therefore, like plu- 
tonium, a national resource of very great importance-a 
guardian of our freedom today, and a real hope for the 
future 
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5 The materials required to build the Savannah River 
plant would fill a stnng of railway cars stretching all the 
way from New York to St Louis 

6 The labor force currently engaged m atomic energy 
construction comprises more than 65,000 people, or about 
five per cent of the total construction force of the nation 

As can be seen, the Commission is engaged in an enor- 
mous construction operation, and the problems associated 
with it are commensurately large To provide an idea of 
the scope and variety of these problems, here is a list of 
the steps that must be taken as the Commission moves 
into a major expansion program of the type that is now 
underway 

1 Determination of the need 

The most recent expansion program will ultimately cost 
over $4,000,000,000 Obviously this is not the sort of un- 
dertaking that can be entered into hghtly or without 
thorough study based on hard facts 

The idea that an expansion program is needed may 
originate from anyone of several different reasons Russian 
progress, an increase in the availability of uranium, or a 
new scientific development promising new mihtary uses 
for atomic energy But whichever single factor motivates 
the expansion, aU are taken into account before construc- 
tion work IS actually begun, and the final decision invari- 
ably mvolves a good many agencies of government be- 
sides the AEG The Defense and State departments, the 
OfBce of Defense Mobilization, the National Security 
Council, the Bureau of the Budget, the President, and the 
Congress, all participate m these important national pol- 
icy decisions 

2 Determination of the size 

Here is a typical example of how the size of a major ex- 
pansion IS determmed Commission research produces the 
hkelihood that a variety of new weapons can be devel- 
oped This IS reported to the Department of Defense, 
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Because of secunty restrictions, it is very hard to de 
scribe this growth in detail, particularly as it relates to 
the nation’s capacity to produce weapons materials, but 
a good idea can be obtained by comparing todays $5,000,- 
000,000 capital investment in atomic energy with the 
$1,400,000,000 that applied m 1947 \Vlien the current 
construction program is completed, tlie iigure will haie 
climbed to about $9,000,000,000, which well exceeds tlie 
combined capital investment of General Motors, U S 
Steel, du Font, Bethlehem Steel, Alcoa, and Goodyeir 
It IS also interesting to compare these figures witli tlie 
$366,000,000 cost of the Panama Canal— a project which 
took ten years to complete Even taking the devaluation 
of the dollar into account, the cost of the atomic energy 
building program over the past six years is about ten 
times that amount / 

Here are some otlier illustrations of the magnitude of 
the current construction program 

1 The new plant at Portsmouth wU have a gross floor 
area equaling that of tlie Pentagon Building and the 
famed Willow Run bomber plant combuied 

2 The concrete required by the Savannah River plant 
at Aiken is sufficient to lay a sidewalk five feet wide and 
SIX inches thick from coast to coast, and the excavation 
work will turn up enough earth to form a wall ten feet 
high and six feet wide from Los Angeles to Boston 

3 The three uranium-235 production plants at Oak 
Ridge, Portsmouth, and Paducah, when completed, will 
consume more electric power eadi day th^n is produced 
by the Hoover, Grand Coulee, and Bonneville dams plus 
the entire ongmal TVA system combined— or more dian 
four times the average daily amount used by New York 
City m 1952 

4 Four times as much structural steel is bemg used in 
the Paducah plant as was used in the Chrysler Buildmg in 
New York 
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After the NSC’s Atomic Energy Committee has re- 
viewed the expansion plan, it goes to the full Council 
for approval The Council consists of tlie President, tlie 
Vice President, the Secretary of State, the Secretary of 
Defense, together with such other high officials as the 
President may name to it In its deliberations on atomic 
energy expansion matters, the Council usually hears re- 
ports from the Chairman of the AEC, the Director of the 
Office of Defense Mobilization, and tlie members of tlie 
Jomt Chiefs of Staff After the Council approves the ex- 
pansion plan, it goes to the President for his final ap- 
proval If he in turn approves it, the important job of ex- 
plammg the need for tlie expansion to the Congress begins 
4 Securing Congressional approval 
This mvolves, first of all, working closely with the 
Budget Bureau to determine the exact dollar amounts 
that will be needed to get the program under way Once 
this IS done, the President sends his request for these 
funds to the House of Representatives, and the Commis- 
sion prepares to go before the Appropriations Committee 
of the House to justify the request Durmg these hearings, 
which frequently run for several days, the Committee 
looks into the over-all need for the expansion and exam- 
ines the individual budget items included m it 
The House can do one of several things to a budget 
request It can deny it, approve it, or cut it It usually cuts 
it, frequently by ten to fifteen per cent, and sometimes 
more, apparently on the theory that the Commission is 
asking for something it really needs, but that it is prob- 
ably asking for more money than is necessary to accom- 
plish it Curiously enough, for reasons I w ill desenbe m 
the next chapter the Commission frequently asks for too 
httle 

If the Congress, for good reasons, makes cuts on specific 
items m the budget, the Commission can understand that 
and can discuss mtelhgently with the appropriate com- 
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which tlien evaluates its need for these new weapons in 
the light of its current war plans, the international situa- 
tion, and the rate of progress, as we know it, of the Rus 
sians 

While tins Defense Department evaluation is under 
way, the Commission lool^ into the technical and eco- 
nomic feasibility of expanding the program and roughly 
establishes the upper limits that it believes can be accom- 
plished This involves an exhaustive study of the foresee- 
able uranium ore supply and an intensive mv estigation— 
with the Office of Defense Mobilization— of the avail- 
ability of key materials and man power in relation to other 
defense needs The Defense Department then presents a 
statement concemmg the additional weapons required, 
and the Commission states whether or not m its judg- 
ment this goal IS technically and economically feasible 
The size of the proposed expansion, therefore, is deter- 
mined jointly by the Atomic Energy Commission and the 
Department of Defense Throughout the development of 
these plans, wluch generally takes several months, the 
Commission’s General Advisory Committee and die Joint 
Congressional Committee on Atomic Energy are kept 
fully informed, and their views are given great weight 

3 Proving the need 

The undertaking of a major expansion is clearly an im- 
portant step in the development of the nation’s over-all 
security plans Once the Commission and the Department 
of Defense agree jomtiy on an expansion goal, therefore, 
the whole idea is reviewed by the Atomic Energy Com- 
mittee of the National Security Council in order to deter- 
mine whether it conforms with broad national pohey In 
addition to the Chairman of the AEC and the Secretary 
of Defense, this committee also mcludes the Secretary of 
State, thus assurmg that the expansion comcides with our 
foreign pohey objectives and with the State Department's 
current estimate of the international situation 
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After the NSC’s Atomic Energy Committee has re- 
viewed the expansion plan, it goes to the full Council 
for approval The Council consists of the President, the 
Vice President, the Secretary of State, the Secretary of 
Defense, together with such other high ofiBcials as the 
President may name to it In its deliberations on atomic 
energy expansion matters, the Council usually hears re- 
ports from the Chairman of the AEC, the Director of the 
Office of Defense Mobilization, and the members of the 
Joint Chiefs of Staff After the Council approves the ex- 
pansion plan, it goes to the President for his final ap- 
proval If he in turn approves it, the important job of ex- 
plammg the need for the expansion to the Congress begins 
4 Securing Congressional approval 
This involves, first of all, working closely with the 
Budget Bureau to determme the exact dollar amounts 
that Will be needed to get the program under way Once 
this IS done, the President sends his request for these 
funds to the House of Representatives, and the Commis- 
sion prepares to go before the Appropriations Committee 
of the House to justify the request During these hearings, 
which frequently run for several days, the Committee 
looks into the over-all need for the expansion and exam- 
ines the individual budget items included in it 

The House can do one of several tilings to a budget 
request It can deny it, approve it, or cut it It usually cuts 
it, frequently by ten to fifteen per cent, and sometimes 
more, apparently on the theory that the Commission is 
asking for something it really needs, but that it is prob- 
ably asking for more money than is necessary to accom- 
plish it Curiously enough, for reasons I will describe m 
the next chapter the Commission frequently asks for too 
httle 

If the Congress, for good reasons, makes cuts on specific 
items m the budget, the Commission can understand that 
and can discuss intelhgently with the appropriate com- 
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mittecs the precise cfFcct these cuts ^\llI have But across- 
the-board cuts of a fixed percentage are hard to under- 
stand, hard to live with, and hard to rebut with specific 
data Yet, too frequcntl) this is the kind of a cut tliat is 
made 

After the House has acted on the budget request, it goes 
to the Senate, where more hearings are held before the 
Senate Appropriations Committee If there is a difference 
behveen the appropriations bills as finally passed by tlie 
House and Senate, as tlicre frequently is, this difference is 
resolved by a Joint Conference Committee Tlien the ap 
propnations bill, representing Congressional authonza- 
tion for the expansion, is passed by both Houses of 
Congress and sent to the President for approval If he 
signs it, then, and not until then, is the Commission in 
business 

I think it is pertinent to note what happened to the last 
big expansion program the Commission took to the Con- 
gress— the one currently under way and which involves 
the new plant at Portsmouth, among otlier important new 
construction The Congress approved that program, but 
by the very narrowest of margins To enter into the nec- 
essary contracts and get it started, we needed roughly 
$3,000,000,000 the first year We consequently asked for 
that amoimt, and we asked for it at a bad tune— just be- 
fore the political conventions in Chicago last summer and 
toward the end of the Congressional session We would 
have preferred to wait for quieter times, but the urgency 
of the expansion was such that vve felt die nation could 
not afford to wait , 

When we presented our case to the House Appropria- 
tions Committee, this is what I said 

“We are well aware that this is no ordinary request for 
funds 

“We know that it involves a very large sum of money— 
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the largest single sum ever requested for the national 
atomic energy program 

“\Ve knou, too, tliat it involves a ver)' large construc- 
tion effort that will inevitably make heavy demands upon 
many cntical materials that arc m short supply 
“And v\e know that it comes at a time when other de- 
fense expenditures are extremely high 
“And yet we have concluded that this request must be 
made As a matter of fact, we strongly believe— on the 
basis of all the information wc have had—that v\ e w ould be 
grossly derelict in the discharge of our responsibility if we 
failed to make it, and if wc failed to make it at this 
time 

“The setting in which this request is made stems from 
recent revolutionary developments in the field of atomic 
weapons technology Through these developments, tlie 
whole concept of how atomic weapons can be utilized in 
warfare has been radically revised 
‘ No longer are they looked upon only as devices to be 
used in an Hiroshima-type’ way against cities and indus- 
trial areas It is now possible to have a complete ‘family’ of 
atomic weapons, for use not only by strategic bombers, but 
also by ground-support aircraft, armies and navies 
“The Department of Defense is very much aware of this 
change in concept, and atomic weapons are being incor- 
porated into the operational plans of all three of the armed 
services 

‘This, quite naturally, has greatly increased the demand 
for atomic weapons— to an entirely different order of mag- 
nitude than obtained a few years ago 

It IS the purpose of this expansion to meet this new 
demand and to meet it as soon as possible 

We could, of course, meet this demand eventually with 
the facihties we now have on hand or buildmg But we 
would meet it much later This new expansion is designed 
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mitlecs the precise effect these cuts \m11 have But across 
the-board cuts of a fixed percentage arc hard to under- 
stand, hard to live with, and hard to rebut with specific 
data Yet, too frequently this is the kind of a cut that is 
made 

After the House has acted on the budget request, it goes 
to the Senate, where more hearings arc held before the 
Senate Appropriations Committee If there is a difference 
bet^vccn the appropriations bills as finally passed by the 
House and Senate, as there frequently is, this difference is 
resolved by a Joint Conference Committee Then the ap 
propnations bill, representing Congressional authoriza- 
tion for the expansion, is passed by both Houses of 
Congress and sent to the President for approval If he 
signs it, then, and not until then, is tlie Commission in 
business 

I think it IS pertinent to note what Jiappened to the last 
big expansion program the Commission took to the Con- 
gress—the one currently under way and which involves 
the new plant at Portsmoutli, among other important new 
construction The Congress approved that program, but 
by the very narrowest of margins To enter into the nec- 
essary contracts and gel it started, we needed roughly 
$3,000,000,000 the first year We consequently asked for 
that amount, and we asked for it at a bad time— just be- 
fore tlie pohbcal convenhons m Chicago last summer and 
toward the end of the Congressional session We would 
have preferred to wait for quieter times, but the urgency 
of the expansion was such that we felt the nation could 
not afford to wait , 

When we presented our case to the House Appropria- 
tions Committee, this is what I said 

We are well aware that this is no ordmary request for 
funds 

‘We know that it involves a very large sum of money— 
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This the Senate, after a historic and dramatic debate last- 
ing o\ er the Fourth of July week end, rejected by the v cry 
narrowest of margins The \ole ^\as actually a tic— 31 to 
34-yhich meant that the report was not adopted 

The Conference Committee went back to work, and, 
after a senes of compromises, \\c finally ended with 
the rider after all— but ^Ylth $2,698,000,000 instead of the 
$1,450,000,000 w e had onginally been giv en This w as the 
minimum amount we needed to get the program started as 
long as the rider remained m force, and w’e began putting 
it to good use as soon the President signed the appropria- 
tions bill 

Thus the Congress, while refusing to give up on the 
pnnciple of the rider, nevertheless gave us the money we 
needed to overcome its restrictive elfcct It was a curious 
result to a stirring, nonpartisan legislative battle, and one 
that I would never have predicted m advance But we 
were satisfied with the result because we were given what 
we needed I can't say, however, that the tram of events 
leading to this result did anything to add to our equa- 
nimity 

5 Decision on whether to build a new site 

Very early in the development of plans for a new ex- 
pansion the Commission must decide whether it would be 
est to enlarge existing plants or to build new ones Nor- 
mally, one would think, it would be cheaper and simpler 
to enlarge existing facilities than to establish new locations 
ut this IS not always the wisest and most practical thing 
to do, and there may be any number of reasons why this is 
the case 

One of these reasons involves power Gaseous-diffusion 
P ants, such as those at Oak Ridge, Paducah, and Ports- 
mouth, use tremendous quantities of electric power Usu- 
3 y> to meet this demand, new power plants must be 
erected m the same utility region as the Commission’s 
P ant But it turns out that you can build a gaseous-diffu- 
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to rcacli tlic minimum military stockpile requirement at 
least four, and possibly live, years earlier tlian would oth 
crwise be the case— four jears In whicli we can be sure the 
Soviet Union will not be idle** 

The House, after debating the need for this expansion 
and agreeing tint it was necessary, tlien proceeded to cut 
the appropriations request severely— back to $1,450,000,- 
000, or about half the amount we had determined we 
would need for the first year Furthermore, the House in 
sorted a rider which said that we could not start any con- 
struction project for which w c did not hav e the money we 
would need to complete it This meant we could start only 
part of the program In fact, it meant we could start onl^ 
a very small fraction of it, because the whole program was 
so highly integrated that it eitlicr had to bo started m toto 
or not at all We could, of course, have taken our $1,450, 
000,000 and gone back and devised an entirely new expan 
Sion program costmg that amount (which would have 
taken months more to work out), but it would have been 
a different kmd of program, and it would not have reached 
the weapons goals by anywhere near the date the Presi- 
dent, the National Secunty Council, the Department of 
Defense, and the Commission had determined to be nec- 
essary 

We therefore went to the Senate and explained our rea 
sonmg We told the Senate Committee that we could get 
along with the heavy reduction in dollars if we could only 
have relief from the restnctive nder We figured that if 
we could use the $1,450,000,000 to begin projects we 
could pay for with mon^ to be obtained later, we could 
get under way The President also sent a strong letter to 
the Senate asking for the same rehef The Senate agreed 
with us and instructed its members on the Joint Confer- 
ence Committee to try to eliminate the nder 

But the House remamed adamant, and the Conference 
Committee sent back a report with the nder still m it 
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to deteriorate When one of our eusting installations ap- 
proaches this size, therefore, we begin to think in terms of 
a new location when an expansion becomes necessary In 
addition, if we are planning to build a new plant that may 
someday have to be enlarged still further, \\c may decide 
that it would be prudent to put it in a new location at the 
outset 

6 Decision on whether to build a new govcnwicnt 
town 

It usually hasn’t taken the Commission very long to dis- 
pose of this problem The answer is invariably “no,” and it 
is generally arrived at by common agreement almost be- 
fore it is raised The Commission has estabhshed no to^vns 
smee It took over tlie atomic energy program The three 
atomic towns’ now owned by the Commission— Oak 
Ridge, Richland (where the Hanford plant is located), 
and Los Alamos— were all built by the Manliattan En- 
gineer District during the war We inherited them, but we 
would be much happier if we hadn’t, and we are trymg to 
dispose of Oak Ridge and Richland to private ownership 
right now 

One of the mam troubles with being in the town busi- 
ness IS that city management and atomic energy are two 
entirely unrelated sciences Although the Atomic Energy 
Commission prides itself on knowing how to run an atomic 
energy program, it will freely confess that it is not expert 
in running cities It turns out, however, that practically 
everyone with whom the Commission deals fancies him- 
self as an expert on town management To say that the 
AEC has a critic or two m this area would be to put it 
mildly ^ 

The Commission simply does the best it can It hues the 
best community management people it can obtam for the 
salaries it is able to pay, it receives the best outside advice 
that IS available through the medium of advisory panels, 
and it uses contractor-employed professional city manage- 
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sfon plant slightly faster linn you can build a power 
plant This means tint the Commission mikes very heavy 
temporary power demands upon existing power facilities 
in the area where it is building Frequently an area where 
Uic Commission already has a large plant cannot meet this 
interim power demand, and this makes it ncccssar)' to go 
to another part of tlie country In addition, the Commis 
Sion has tried to be careful about developing the power 
resources of any single region beyond the point where 
the power can be absorbed if for one reason or another the 
atomic energy program ever goes out of busmess If the 
Commission has reached this point m one region, there- 
fore, it has felt that it should move on to another when a 
big new expansion came along 

Another reason mvolvcs vulnerability As a general rule, 
the Commission has felt it would be highly unwise to put 
all of Its production eggs in one or two over-sized baskets 
tliat could easily be Imockcd out in time of war It wants 
more than one production Imc moving from the ore fields 
to the bomb stockpiles In this way it can keep anv smgle 
target from becoming uniquely attractive, and thus have a 
better chance of keeping the production hne flowing m 
case of atomic attack 

There are other important factors to be taken into ac- 
count m deciding whether a new site is necessary If the 
expansion, for example, involves buildmg a new plant m- 
corporatmg an entirely new process, with new and differ- 
ent types of supporting facilities, as the Savannah River 
plant entails, then the plant is built at a new site Also, if 
there is a good deal of construction work already xmder 
way at an estabhshed site which any new work would m- 
terfere with, then serious consideration is given to going 
elsewhere 

Another important reason mvolv es efficiency The Com- 
mission has felt that there is an optimum size to an atomic 
energv facihty beyond which management efficiency tends 
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emmg, pnvately owned communities The panel recom- 
mended that Los Alamos, home of the Commission’s mam 
ueapons laboratory, remain for the time being under gov- 
ernment control and ownership because of security con- 
siderations 

As a result of this report, the Commission has, during 
the past several months, taken a senes of specific steps 
leading to the relinquishment of government control over 
Oak Ridge and Richland The homes and business build- 
ings have been appraised, and recommendations for re- 
quired changes in the law have been developed 
Be)ond its strong desire to get out of the toun business, 
the Commission’s mam concern in all tins is that the 
change-over be handled m such a way that no damage to 
the atomic energy program results from it In other words, 
the Commission wants these communities to remain as at- 
tractive and pleasant places in which to live, so that the 
recruitment and retention of workers avill not suffer This 
means that the usual municipal services must be of high 
quality, that the school system must be good, and that the 
tax rates and living costs must be comparable to those of 
similar communities in other parts of the country 

With these conditions in mind, the plans for incorpora- 
tion of Oak Ridge and Richland are gomg forward, and 
their reconstitution as private communities will probably 
take place m the near future if the necessary legislation is 
obtamed Even after this has happened, however, a gov- 
ernment subsidy of some sort will probably be necessary 
for some time, because there are no private industries m 
Oak Ridge and Richland upon which to build a reahstic 
tax base 

While the Commission’s plans for disposal are going 
forward, it is trying steadily to improve its management of 
these to\vns so that they may be ready for incorporation 
when the time comes and government subsidy can be held 
to a mmimum To this end, the Commission has in the past 
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merit people to carr)' out the day-to-day operations, such 
ns the maintenance of homes and buildings and the collec 
tion of rents 

But the demands tlic Commission’s tow-n rcsponsibili 
tics make on the time and attention of its key officials and 
llicir staffs are still far out of proportion to their relative 
place in the total program As just one example, the Budget 
OfRce at Oak Ridge lias told me that it devotes about 
tliirty per cent of its time to community matters, although, 
in fact, the lowm of Oak Ridge consumes only about seven 
per cent of the budget In all, out of the ^,000 people 
gainfully cmplojcd at Oak Ridge by either the AEG or its 
contractors, about 2,200 are engaged m town funcUons of 
one sort or another 

TIio Commission strongly believes tliat the idea of gov 
emment towns is alien to die principles of Amencan d^ 
mocracy Although it tries to make its towns as normal as 
possible, this simply cannot be done where the govern- 
ment IS botli landlord and mayor It is hard, imder diese 
conditions, for even the most civic-minded citizens to de 
velop a real sense of responsibihty toward their commu 
nity They pay no local taxes— only rent And they can t 
vote for die officials who actually run their local munici 
pal affairs In other words, they cannot enjoy the full rights 
of Amencan citizenship It isn't normal and it isn't good 

The AEC’s objective, then, is to avoid establishing any 
new towns and to get out of the town business entirely as 
soon as possible To this end, in die summer of 1950, we 
appointed a special panel of community experts to study 
the problems of transferrmg our towns to pnvate owner- 
ship and self-government The panel was headed by Rich- 
ardson G Scurry of Dallas, Texas, a nationally known ex- 
pert m the town management field Mr Scurry’s panel, 
after about a year's study, reported that m its opmion the 
Commission should dispose, m an orderly way, of Rich- 
land and Oak Ridge so that they nught become self-gov- 
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appomted a special panel of community experts to study 
the problems of transfemng our towns to private owner- 
ship and self-government The panel was headed by Rich- 
ardson G Scurry of Dallas, Texas, a nationally known ex- 
pert in the town management field Mr Scurry’s panel, 
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energy plants This is a matter the Atomic Energy 
Commission itself will have to settle 

I hope you will place these plants where they ^vlll be 
most useful for the objective you are trying to obtain 
and that you will allow no pressure groups of any sort 
to influence you in their location 

/s/ HST 

Although I hope it is needless to say so, I would like to 
emphasize that the Commission has never allowed any 
outside pressures of any sort to influence it in the selection 
of a location for a new plant, with one possible excepbon 
It has taken into consideration, and I think necessarily and 
legitimately so, the over-all attitude of the residents m the 
various areas it has had under consideration for certam 
plants If this local attitude has been unanimously, or 
nearly unanimously, against location of the plant in that 
area, and if the reasons put forward are good ones, tlie 
Commission has taken this fact into account in its dehbera- 
tions~but even then only if all other factors are equal It 
attaches some importance to this local atbtude, however, 
because it can see that a generally unfriendly reaction 
could easily cause delays, headaches, and added expense 
that might adversely affect the total program later on 

But there are so many other technical and administra- 
tive factors affecting the location of a new plant that the 
Commission would soon find itself with some rather horri- 
ble mistakes on its hands if it for a moment permitted self- 
ish outside interests to influence its final selecbon decision 
Here are some of the principal factors which do govern the 
selecbon of new sites 

1 Vulnerabthty 

According to military authorities, some sections of the 
coimtry are more vulnerable to foreign attack than oth- 
ers The Commission therefore tries to locate its facilities 
in the least vulnerable areas Also, within this preferred 
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ever, in every ease the news must become public, and then 
begins tlic deluge of contacts from people who either want 
the nc\v plant very badly or who just as strongly hope we 
will locate it somewhere else These people approa^ the 
President, the Congress, and the Commission 

During our effort to find a suitable location for the plant 
ultimately located at Portsmouth, we received more than 
seven hundred letters from Chambers of Commerce, pub- 
lic officials, labor organizations, and individuals, and a 
score of personal visits by delegations from vanous cities 
These were divided about equally beUveen those who 
wanted the plant and those who didn't Most of the peo- 
ple who wanted the plant wanted it because they needed 
new mdustry, and consequently new employment and 
business opportimities in their area Most of the others 
were opposed to the plant because of on already tight la- 
bor situation, because they thought it would increase their 
attractiveness as a bomb target, because of a housing 
shortage, or because the plant would be located in a region 
attractive as a farmmg or residential area Portsmouth, 
Ohio, where the plant was finally located, wanted it very 
badly No one kept a record of the number of phone calls 
we received about the location of this plant, but I am sure 
they exceeded the number of letters and personal visits 

When we were looking for a site for the Savannah River 
plant we received well over six hundred letters or personal 
visits, mostly from people wanting the plant How many 
the Congress and the President received, I don’t know, but 
I do know that President Truman must have received a 
good many, for at the height of the interest m the plant 
location problem, on August 19, 1950, he sent me the fol- 
lowmg note 

TO THE CHAIRMAN, ATOMIC ENERGY COMMISSION 

I’ve had delegations from Arkansas, Missouri and sev- 
eral other States m regard to new locations for atomic 



The Expanding Program 85 

5 Accessthtliftj 

The site, to be useful, should be convenient to transpor- 
tation systems, such as railroads, high\vays, nvers, and air- 
Imes 

6 Labor 

\Vlien )ou set out to build a plant rcquinng 30,000 to 
40,000 construction workers and 5,000 to 10,000 perma- 
nent employees, the labor supply in the various areas un- 
der consideration becomes very important The total labor 
demand hardly ever can be met locally, but the Commis- 
sion always tries to recruit as many workers as it can lo- 
cally, and it does not wish, m the process, to interfere with 
other essential defense work If a good deal of other de- 
fense work is located m an area, therefore, the Commis- 
sion looks elsewhere 

7 Housing 

Since one of the Commission's objectives is to avoid the 
establishment of another government town, the proximity 
of the various sites under consideration to towns largo 
enough to accommodate a substantial percentage of the 
^\ork force is a very important factor This is wh) the Sa- 
vannah River plant is near Augusta, Georgia, and Aiken, 
South Carolina, why the new Ohio plant is near Ports- 
mouth and Chillicothe, and why the new Kentucky plant 
IS near Paducah 

8 Climate 

The Commission always tries to select a site where valu- 
able construction and production time will not be lost be- 
cause of excessive heat, cold, ram, or snow, and where re- 
cruitment and retention of workers will not be adversely 
affected because of weather extremes 

9 Safety and Security 

Altliough one objective is to locate near cities providmg 
adequate community facihties, the site must also be suflB- 
ciently isolated to make the maintenance of security possi- 
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zone, it IS m llie interest of national sccunty to keep vital 
defense industncs and facilities as wdcly dispersed as 
possible 

2 Poiecr 

Tins is especially important m the selection of sites for 
gaseous-diffusion plants, which use fantastic amounts of 
electrical power As a result, these plants must be built in 
areas where the sources of power are plentiful and cheap 
Most of the power used in die AECs gaseous-diffusion 
plants comes from coal, so you will find the plants invan- 
ably located m areas where coal is available in large quan- 
tities and at low cost Oak Ridge's power comes from TVA, 
Paducah’s partly from TVA and partly from a private util 
ity network in tlie Illmois-Missoun-Kcntucky area, and 
PortsmouUi’s comes from a private utility network in the 
Ohio-West Virgmia-Indiana area Power is not quite such 
a controlling item in the location of plutonium produebon 
plants, but it is sbll very important 

3 Water 

A large supply of fresh water is a controllmg factor m 
the location of the production facilities (Hanford and Sa- 
vannah River) which use nuclear reactors Both the plant 
at Hanford, located on the Columbia River, and the Sa- 
vannah River plant m South Carolma use more water 
daily than a city of over a milhon people Adequate sup 
phes of water are also important to tlie operation of gas- 
eous-diffusion plants, which explams why Oak Ridge is on 
the Clmch River, Paducah is on the Ohio, and the Ports- 
mouth plant IS on the Scioto, just north of the Ohio 

4 Terrain 

plants as large as the AECTs big produebon facibbes re- 
quire a terrain that is relatively level and free from such 
construction impediments as rocks, ravmes, and an ex- 
cessive amount of trees The area and its approaches must 
also be free from floodmg 
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cwncies were uncovered in the on-the-spot surveys, this 
list ^\as gradually reduced to 84, then 17, then 7, and fi- 
nally 5, hsted in order of preference 
Just to make sure that the best possible technical opm- 
lon is being brought to bear upon the problem of site selec- 
tion, the Commission, as the surveys progress, appoints a 
Site Review Committee to double-check the conclusions 
of the architect-engineer contractor This Committee is 
composed of leading experts drawn from the construction 
engmeenng professions They review all of tlie data m de- 
tail and may either endorse or revise the recommendations 
of the private contractor 

The Commission also enlists the aid of many other agen- 
cies of government the Labor Department, to settle ques- 
tions of potential labor supply, tlie Federal Housing 
Administration, to assist on matters relating to housing re- 
quirements, the Department of the Interior, to comment 
on power supply questions, the National Security Re- 
sources Board, to appraise the degree of mdustrial con- 
centration, and the Department of Commerce and the 
OfiBce of Defense Mobilization, to comment upon business 
impact 

After all the data are in, the final decision as to which of 
the many sites should be selected is made by the five 
Commissioners in Washington Frequently questions arise 
which entail re-surveys and re-evaluations of the data al- 
ready produced, and often Commission staff people are 
dispatched to the sites under final consideration to bnng 
back firsthand word on specific details But the final re- 
sponsibility rests with the Commissioners, and it is one 
that IS discharged m the most meticulously fair manner 
that they can devise I know that each tune w e selected a 
site while I was on the Commission we greatly displeased 
a large number of people who had hoped to obtam it I 
know this, because these people did not hesitate to tell us 
so But I would like to say this Each of the new plants we 
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blc, and to protect the surrounding area from any unusual 
hazard Safely is a particularly important factor m plants 
utilizing reactors, such as Savannah River, where a site of 
250,000 acres was required, largely for safety reasons 
10 LandValuc 

When a new site is established, the Commission tries to 
avoid talsing over land which Ins special value for agncul- 
tural, residential, or some otlicr equally useful purpose It 
tries to stick to land of only marginal value at best Even 
if there were no other considerations involved, this \\ ould 
still be the AEC’s policy because it does not want to invest 
any more money than necessary in real estate, and when 
you are buying a plot as big as 250,000 acres the purchase 
of land can be a very large item indeed 

The process by which all of tlie possible locations for a 
new plant are sifted down to one is a formidable operation, 
and it involves a lot of people, both within and without 
the AEG It begms with a statement from tlie Department 
of Defense as to which are the preferred areas from a mih- 
tary defense pomt of view Then the AEC conducts a study 
to determine the general area or areas which appear to be 
most suitable from the standpoint of power and water sup- 
ply An example of how this works is the Portsmouth plant, 
where it was decided very early that the plant would have 
to be located somewhere m the Ohio River Valley because 
of the availability of cheap power there After the general 
areas have been mapped out, the AEC with the Army 
Corps of Engineers takes a close look at all property al- 
ready owned by the government to see whether some cur- 
rently unused site might be utilized 

At about this stage a pnvate architect engineer firm is 
engaged to make on-the-spot surveys of the most promis- 
ing territones and to make recommendations to the Com- 
mission as to which potential sites most nearly meet the 
compheated technical criteria For the Savannah River 
plant, 114 such locations were surveyed As various defi- 
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undertook to build is located in the place which was best, 
in our considered judgment, from the standpoint of over- 
all national interest, and I am convinced that a study of 
construction results to date will bear this out 

11 Selection of Contractors 

One might think that after the Commission had com- 
pleted plans for an expansion, secured the approval of all 
interested parties, and selected a site for any new plants 
involved, It would be all set to go But tins isn’t quite true 
There arc still a few more matters that require attention 
Tliese include such important dungs as selecting the con- 
struction and operatmg contractors, entenng into contracts 
for the very large amounts of power required, making ar- 
rangements for temporary housing for tlie influx of con- 
stniction workers, arranging for roads to be built or im- 
proved, arranging for railroad lines to be extended mto tlie 
site, and arrangmg for allocations of tlie strategic maten- 
als needed 

All of these are vital to the success of die project, and 
all are time consummg But there is nothing more impor- 
tant than the job of selecting just the right construction 
and operating contractors Since the Commission performs 
virtually no construction or operating functions itself but 
confines itself to supervision, the selection of qualified con- 
tractors becomes one of its most important functions It is 
upon the success with which eadi of these contractors dis- 
charges his assigned responsibihty that the entire success 
or failure of the program rests So contractors are selected 
with extreme care 

The AEG contractor at the Savannah River plant is the 
du Pont Company In a departure from usual procedure, 
tlie Commission asked du Pont to perform all major phases 
of the work there They designed the plant, helped to se- 
lect the site, are now constructing it, and will also be the 
operator Naturally they have the assistance of many sub- 
contractors (over four hundred in all), but the prime con- 
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tract covers all major phases of the work The selection of 
the du Pont Company for this job was not hard Du Pont 
had designed, built, and operated the Hanford plant dur- 
mg the war, they were not engaged m any other atomic 
energy work at the time, and they possessed vast resources 
uniquely suited to the Savannah River operation We were 
immensely pleased when they were persuaded to come 
back mto the program 

But Savannah River is the exception Usually tlie Com- 
mission has engaged an architect-engineer firm to do tlie 
design work, a construction company to do the construc- 
tion, and an operating company to do the operating At 
Paducah four architect-engineer firms were utilized, the 
F H McGraw Company is doing the construction, and 
the operating contract was awarded to the Union Carbide 
and Carbon Company, which also operates Oak Ridge At 
Portsmouth we utilized eight architect-engineers, engaged 
Peter Kiewit and Sons to do the construction, and awarded 
the operating contract to the Goodyear Tire and Rubber 
Company 

The kmds of factors that are taken into account in the 
selection of major AEG contractors are ( 1 ) ability to han- 
dle a job of the magnitude involved, (2) financial record 
and reputation, (3) experience and reputation in atomic 
energy or related fields, (4) abihly and willingness to as- 
sign top management and key technical personnel to the 
AEG job, (5) past record in performing work for the AEG 
or other government agencies, (6) labor-relations record, 
(7) enthusiasm of top management toward the atomic en- 
ergy job 

The procedure for the selection of contractors is some- 
what similar to the site selection procedure, except that 
for obvious reasons no private firm is hired to make a pre- 
lunmary survey The initial studies are made by the AEG 
Operations Office under whose supervision the contract 
Will fall This Office circularizes all qualified companies, 
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iindcrlook to build is located in the place which was best, 
in our considered judgment, from tlio standpoint of over- 
all national interest, and I am convinced tliat a study of 
construction results to date will bear this out 

11 Selection of Contractors 

One might think that after the Commission had com- 
pleted plans for an expansion, secured the approval of all 
interested parties, and selected a site for any new plants 
involved, it would be all set to go But tins isn't quite true 
There arc still a few more matters that require attention 
These include such important things as selecting the con- 
stniction and operating contractors, entering into contracts 
for the very large amounts of power required, making ar- 
rangements for temporary housing for the influx of con- 
struction workers, arranging for roads to be built or un- 
proved, arranging for railroad lines to be extended into the 
site, and anangmg for allocations of the strategic materi- 
als needed 

All of these are vital to the success of the project, and 
all are time-consummg But there is nothing more impor- 
tant than the job of selecting just the right construction 
and operating contractors Since the Commission performs 
virtually no construction or operating functions itself but 
confines itself to supervision, the selection of qualified con- 
tractors becomes one of its most important functions It is 
upon the success with which each of these contractors dis- 
charges his assigned responsibility that the entire success 
or failure of the program rests So contractors are selected 
with extreme care 

The AEG contractor at the Savannah River plant is the 
du Pont Company In a departure from usual procedure, 
tlie Commission asked du Pont to perform all major phases 
of the work there They designed the plant, helped to se- 
lect the site, are now construclmg it, and will also be the 
operator Naturally they have the assistance of many sub- 
contractors (over four hundred in all), but the prune con- 
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to bring m new companies not previously connected wth 
the atomic energy field The purpose in this is to encour- 
age as much competition as possible and to broaden the 
industrial base of the atomic energy program If atomic 
energy is ever to play a significant role m our economy , it 
IS obvious, I feel, that as many industrial concerns as pos- 
sible must be experienced in it The AEG tlierefore tries 
to use the current pnmanly military program as a device 
for educating American mdustry about atomic energy 
Sometimes, however, because of the pressure of time 
and the great savmgs m costs that may result, the commis- 
sion has had to turn to its existmg contractors to carry on 
new work This is particularly true when an existing mstal- 
lation, such as Oak Ridge or Hanford, is enlarged It is also 
true at Paducah, where we turned to the Union Carbide 
and Carbon Company to be the operating contractor, even 
though they also were operators of the plant at Oak Ridge 
The reasons were that the Paducah operation is the same 
as the Oak Ridge one, and the need for the Paducah plant 
developed so rapidly that there wasn't time to go through 
a long selection procedure Both the construction contrac- 
tor and the site were selected in this case m less than two 
months— because they had to be 


I have described at some length the steps the Commis- 
sion must go through to get an expansion imder way be- 
cause expansions have dommated the atomic energy pro- 
gram for the past several years, and because the decisions 
that have been made and the policies that have been fol- 
lowed have affected the hves and financial status of a 
great many people Some of these people have shown the 
Commission that they have had a hard time understandmg 
why we chose some of the courses we followed I hope 
this chapter has thrown some hght on how this expansion 



90 lieport on the Atom 

sends representatives to talk with company officials, and 
invites company representatives to visit a similar AEG in- 
stallation to Icim about what the job would entail A con- 
Iract board made up of key Commission teclimcal people 
tlicn reviews all of the information collected and makes 
recommendations to the General Manager and the Com- 
mission in Washington 

The selection of the operating contractor at Portsmouth 
took a full year and involved tlic considerabon of sixty dif- 
ferent companies The selection of the construction con- 
tractor took seven montlis and involved the considerabon 
of tsventy-onc different companies These selection proc- 
esses, like the site sclecbon one, had to begm many montlis 
prior to Congressional autlion7alion of the expansion pro- 
gram Because of this preliminary work, the Portsmouth 
timetable was able to go like this The Congress approved 
the program m July 1952, the construction contractor was 
selected simultaneously, tlie site was selected in August, 
and the operating contractor was selected in September 

As might be expected, a good many of the companies 
the Commission contacts are not interested m jommg the 
program Frequently the reason is that they are too heav- 
ily committed to other work Interestingly enough, quite 
often the reason given is that die fee is too low One com- 
pany, when we sohcited a proposal, told us this * Frankly, 
•we can see anything but a happy existence for a contrac- 
tor m the performance of such a venture, through no fault 
of the AEG or the contractor either These cost-plus-fixed- 
fee jobs are open season for pohtical invesbgators and 
newspapermen looking for someone to take a pot-shot at, 
and any desire to do a bang-up job would soon lose the en- 
thusiasm, not only of the sponsor but his prganizahon as 
well ” 

One of the general pohcies the Commission tnes to fol- 
low consistency when it is lookmg for new contractors is 



CHAPTEl? V 


The Headaches 


Thebe are a good many headaches connected with an on- 
terpnse of the size and complcvil) of the United Slates 
atomic energy program, and a substantial share of them 
arise from the very large expansions described in the pre- 
vious chapter Many of these construction jobs involve 
things that have never been done before, most of them in- 
volve secret processes and equipment, and all of them 
must be accomplished witli the utmost speed Much of the 
difficulty comes from the great need for speed, which de- 
mands that engineering design follow right on the heels of 
research progress and construction right on the heels of en- 
gineering design 

It IS not like building a house When you want to build 
a house you can go to an architect and ask liim to draw up 
the design your builder will follow If he is a good archi- 
tect he knows the basic principles of house design and has 
the latest information None of the information is secret. 
It IS all a\ ailable m textbooks and trade journals So all you 
have to do is tell your architect what kind of house you 
want You may suggest a few features you are particularly 
mterested in, and he may suggest a few you don't know 
about If jou have trouble visualizing your house, he can 
have a model made to show you exactly what it will look 
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business has been handled and what has motivated the 
Commission Briefly, it has been the national interest, and 
tliat alone 

As to the future, it is my opinion that this country is now 
engaged— or should be engaged— on the last major expan 
sion of the productive capacity of tlie atomic energy pro- 
gram I say tins because, after the current expansions are 
completed and the new plants have been in operation for 
several years, we xvill, figuratively, have atomic bomb ma 
tenal runnmg out of our ears— enough, I would say, to 
meet any reasonable goal within a reasonable time that the 
military might establish Tins doesn't mean that from time 
to time it might not be desirable to enlarge a laboratory or 
a plant, or establish a relatively small new one, particu- 
larly in the field of reactor development, but the gigantic, 
multibillion-doUar expansions of tlie sort we have had in 
the recent past are, to my way of tlimking, ended 
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pleted it will represent the very latest and best design that 
can be produced 

By doing this, however, the Commission necessanly cre- 
ates some headaches it \\ ould lihe very much to avoid For 
one thmg, it frequently finds that it cannot enjoy the many 
advantages of open compebtive biddmg on its large and 
intncate construction jobs It is unreasonable, when you 
want construction work to begin before design work is 
completed, to expect the builder to set a firm price under 
which he ^vlIl do the job It is not only unreasonable to ask 
for bids under these conditions, it would also be useless, for 
no responsible builder could bid And even if he could, 
neither he nor the government would have any idea how 
many contract modifications would have to be made later 
on to take care of the design improvements that might 
have to be incorporated 

On nearly aU other construction, however (such as 
roads, warehouses, sewerage, and office buildings), where 
tune and the nature of the work will permit, the Commis- 
sion follows the procedure of mvitmg bids and makmg 
awards to the lowest responsible bidder It is a source of 
considerable satisfaction to me that the Commission has 
gradually widened the area m which competitive bids are 
let as more and more of the construction work has become 
“conventional,” and as a background of basic design data 
has been built up 

But the prime contracts on the big, difficult, and pio- 
neering construction jobs still cannot be awarded in this 
way, and the Commission therefore has relied upon a type 
of contract known as the CPFF, which means “cost plus a 
fixed fee ’ Under this type, the government, m effect, 
lures ’ a company to do a specific job The Commission 
selects the contractor, it tells him what job it wants done, 
it pays all of his expenses, and m addition it pays him a 
fixed fee The fee is to compensate the company, at least 
in part, for the executive and other skilled talent that it 
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like After your house plans arc complele it is a relatively 
simple procedure to shop them around among several good 
building contractors, receive estimates, and award )our 
contract to the builder who gives you the best price 

It is not quite so easy, however, where an atomic energy 
plant or laboratory is concerned In the first place, you 
can’t go to just any good architect-engineer and expect him 
to know all there is to know in your field Atomic energy 
IS too secret for that, and it is also too new Unlike houses, 
atomic energy has not been around very long, and in con- 
sequence few basic design principles have been estab- 
lished This means that the scientist who developed the 
basic idea of a new atomic energy plant or laboratory must 
frequently work alongside the people who are trying to re- 
duce the idea to plans a builder can follow And usually 
there is not time to go through the intermediate step of 
building a model or pilot plant to see how the scaled-up 
process will work 

Although it would be very nice to be able to wait imbl 
the designer had completed his work before lettmg the 
buildmg contract— as one can do with a house— this is all 
too often impossible in the case of atomic energy This is 
true partly because of the great need for speed, and partly 
because of the great mass of original design work involved 
The blueprints for the Savannah River plant alone, for ex- 
ample, are equivalent to a strip of paper, one foot wide, 
stretchmg all the way from New York to Berlin 

So, m most cases, the Atomic Energy Commission 
doesn’t wait It doesn’t wait long enough to build a pilot 
plant and it doesn’t wait long enough for all the detailed 
design work to be completed It tnes to keep construction 
as close behmd the design as it can, m order not to lose 
precious months or years m the effort to build up our weap- 
ons stociqiile And, I mi^t add, the Commission tries to 
catch up with as many technological improvements as it 
can whde the plant is build’”*^ «« if 15 ^>0711. 
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The Commission lias tried to compensate for at least 
some of the inadequacies of the CPFF contract system by 
employing only companies with first-class reputations that 
would be damaged if the} did not do a first-class, cost- 
conscious job The list of major operatmg and construc- 
tion contractors to the Commission is a virtual blue boob 
of American mdustry These concerns take a real pride in 
their atomic energy work, and they have a strong desire 
not to do an}i;hmg that might hurt the fine reputations 
they have earned over the course of many years 
One might think that there would be real enthusiasm on 
the part of industry for a t}’pe of contract by which tlie 
gov emment assumed the whole risk and the contractor v\ as 
paid a fee besides In actual practice, however, tins is not 
the case No matter how much vve might hear about the 
potential extravagance of the CPFF't)'pe contract, there 
IS no great desire on the part of industr) to work under it 
The reason is that the fee, which is fi^ed in advance (it 
does not increase if costs go up), is simply not large 
enough to compensate most of our contractors for the re- 
sources they must assign to our work 
"WTiy, then, are they wdhng to work for the Commission 
under this land of contract^ From m\ own experience, I 
would say there are three principal reasons 

1 Sincere patriotism the desire to do something to en- 
hance the national security 

2 The ground-jioor mohvalton the desire to gam valu- 
able know-how through experience that can be applied 
later on for profit when atomic energy may no longer be a 
government monopoly 

3 Prestige the desire for the recognition that important 
pioneenng work in a promising new industry can bnng 

These reasons, of course, ^ect each of the Commis- 
sion s contractors m varymg degree, but I am sure that one 
or the other of them is present in nearly every case In any 
event, it appears obvious that it is not the fee alone that 
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devotes to our work and that it might more gainfully uti- 
lize in some other way 

Tliere arc a number of drawbacks to this method of do- 
ing business Not the least is the absence of a clear mo- 
tive on the part of the contractor to cut costs and to do 
the job as cheaply as possible No matter how good a job 
he docs, there is always the suspicion that he is not doing 
his best to hold costs down as long as the government is 
picking up the check This botiicrs the Congress, it bothers 
students of management techniques, and it botliers the 
Commission It also leads to all sorts of inquiries, investi- 
gations, and hearings, and it makes necessary the employ- 
ment of Commission people to look over the shoulders of 
its contractors to make sure that cost-consciousness always 
plays a key role in tlicir management operations 

But, as yet, no one has come up with an equally good or 
better alternative so far as the big construction and oper- 
ating contracts are concerned Competitive bidding is the 
obvious alternative, but this entails having final plans com- 
pleted before the work begms, which is usually impossi- 
ble, and it also mvolves going through a time-consummg 
bidding procedure before the contracts can be awarded 
In most cases, there simply is not time for all the paper 
work involved 

Another alternative is for the government to do these 
jobs itself witli government employees, and not look to m- 
dustry at all But this also has its drawbacks For one 
thing, the government couldn’t hope to hire aU the top- 
flight talent it would need if it asVed qualified people to 
leave mdustry to come with the program at government- 
level salaries, and, for another, the Commission has always 
felt that it is part of its mission, under the law, to indoctri- 
nate American mdustry m atomic energy work so that in- 
dustry can help speed the peaceful development of this 
new science One of the best ways to accompbsh this ob- 
jective is to mvite industry to do the actual work 
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mate errors a design engineer makes are usually on the 
under side The law of averages would suggest that over 
a long period of time the errors w ould tend to equalize, so 
that eventually total costs would figure out about as an- 
ticipated But this isn’t the case Even allowing for the in- 
flationary factor which has been at work m recent years, 
estimates of costs too frequently come out too low I sup- 
pose the real reason is the human element—the tendency 
always to be just a trifle optimistic If you have ever tried 
to plan a household budget in advance, or to allocate a 
fixed amount to a vacation trip, I think you will understand 
what the Commission is up against And when the Com- 
mission succeeds in overcoming this tendency it frequently 
crops up again m the Budget Bureau, which must approve 
each of the Commission’s budget items before they go to 
the Congress 

Perhaps the most erroneous “guesstimate’ the Commis- 
sion has made— and certainly the largest dollarwise— had 
to do with the great Savannah River plant now building in 
South Carolina This plant involves a new process never 
before used, construction started long before the design 
work was more than ten-per-cent complete, many im- 
provements have been incorporated as construction has 
progressed, and the size of the project has been substan- 
tially increased But the Congress, understandably, wanted 
to know how much this plant was finally going to cost be- 
fore w e started to work on it At that time—m December 
1950— in response to a direct question I said I would say 
m the neighborhood of $600,000,000” But I added "I 
would hate to be frozen to ^at, because you must appre- 
ciate that the estimates we arc making today are on the 
cost of production units that have never been built be- 
fore ” 

By April 1951, four months later, the very tentative to- 
tal coht estimate of the Savannah River plant had climbed 
to $900,000,000, and by September of the same year to 
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motivates most of tlicsc companies In some cases the fee 
IS nothing more than a nominal amount, ranging down- 
ward to as little as $1 00 per year In other cases, no fee at 
all is pud— just the CTpenscs of the job 
Even so, both tlie government and industry would 
rather see the CPFF-type contract replaced entirely by a 
unit price or lump-sum type winch would help shift the 
atomic energy industry over to a more competitive base 
where initiative and elEciency w ould be rewarded in terms 
of profit But the pioneermg nature of the work, the great 
size of tlie projects involved, and the need for speed pre- 
clude this m many cases, at least for the time being 
Another headache stemming from these same factors 
can readily be seen when one remembers that the Com- 
mission must obtam the money for these projects from the 
Congress, and that the Congress quite reasonably wants 
to know just exactly how much something is gomg to cost 
before appropriating the funds And yet m many cases the 
Commission simply cannot say witli any real assurance If 
it waited until all of the final design work was done and 
then asked the Congress for the money, literally months, 
and sometimes years, would be lost m the process— years 
in which the Russian atomic energy program, we can be 
sure, would keep on buildmg And if designs were arbi- 
trarily frozen before construction \v^s completed, the 
Commission would probably find its hands tied when it 
wanted to mcorporate a newly discovered improvement 
that would greatly increase production efficiency 

What the Commission must do, then, in most cases is to 
give the Congress its best guess as to the final cost when it 
submits its request for funds Understandably enough, this 
usually doesn’t satisfy the appropriations committees, how- 
ever Sometimes the Commission overestimates, and sub- 
sequently saves money that is returned to the federal 
treasury Most of the time, however, it underestimates 
I have often wondered just why it is that the cost-esti- 
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]ust the right tune and place All the structural steel, 
nichel, copper, cement, and lumber in the world are use- 
less unless sufiBcient people are on hand who loiow how to 
put them together m just the right way And all the con- 
struction workers m tiie world are of no help in gettmg 
anything done if no materials are available 

Ihe problem, then, is one of synchronization, and syn- 
chronization isn’t easy when you are dealing with tram- 
load after tramload of materials and thousands upon thou- 
sands of workmen It becomes particularly difficult when 
many of the materials needed are hard to obtain and 
when some of the workmen feel constrained for one rea- 
son or another to stop work from time to time 

On the whole, the atomic energy program has been re- 
markably free of work stoppages— a tribute to the loyalty 
and patriotism of American labor, and, durmg most of my 
term as Commission Chairman, to the fine work of the 
President’s Atomic Energy Labor Relations Panel, headed 
by William H Davis This Panel has since been abolished 
and a new one with similar objectives set up under the La- 
bor Department At the time of this writing, no work stop- 
pages at all have occurred on the operations side of the 
atomic energy program, and relatively few have occurred 
in construction But the few that have occurred have hurt, 
and badly The worst situation prevailed at Paducah, 
where the Commission had to go to costly extremes to 
make up lost time Some of these work stoppages have oc- 
curred for reasons that one can sympathize with, although 
not with the acts themselves, but too many have mvolved 
such things as jurisdictional disputes between umons with 
which neither the government nor its contractors are di- 
rectly concerned 

The great steel strike of 1952 also took its toll in the 
atomic energy program, and not because any of the peo- 
ple on stnke worked for the program directly, but rather 
because they worked for industries produemg materials 
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$1,200,000,000 TIic September estimate was based on de- 
sign work only tcn-pcr-ccnt complete, allhougli construc- 
tion by then was well under way Now it looks as if the 
plant in its final form will cost about $1,500,000,000 

Tins is not a pretty story, and I don’t like it any better 
tlian the average taxpayer docs It can be said, of course, 
tliat much of the increased cost is due to improvements 
incorporated after construction began, to substantial m 
creases in scope and size, and to such factors as the need 
to pay premium prices for many of the critical materials 
involved But the fact remains that some bad estimates 
were made at the start There was every reason why the 
estimates should not have been accurate, but they never- 
theless were too unrealistic to be rationalized m tins way 

I know, however, that tlie government is gettmg one 
dollar’s worth of plant for every dollar invested in this 
project It IS not that money is being wasted here Both 
the Commission and its contractor are seeing to that, and 
independent investigations sponsored by Congress have 
shown it to be true It is, instead, that the final costs were 
not figured accurately enough in advance But I don’t 
think either the Commission or its contractor should be too 
severely censured for these poor cost guesses until all the 
returns are m If this plant, when completed, fads to do 
any better than it was originally designed to do, then I 
thmk the Commission can be fairly criticized for a bad 
mistake in estimatmg But if it does substantially better 
than it was at first designed to do— as I firmly believe it 
will, partly because of the costly improvements mcor- 
porated— then I would say our mistake was a relatively 
mmor one compared with the end result, and can justifi- 
ably be forgiven 

A good many of the other perplexing difficulties stem- 
ming from the urgent need for speed in the Commission's 
construction program have to do with the problem of 
brmgmg vast quantities of men and materials together at 
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gram would have to be worked out, somethmg we found 
the Defense Department and the Office of Defense Mobi- 
lization somewhat reluctant to do at the time After a 
good many conferences between the Director of the Of- 
fice of Defense Mobihzation, the Secretary of Defense, and 
myself, however, a plan was developed whereby the Com- 
mission was given die right to a super-pnority on materi- 
als up to a dollar amount of $55,000,000 over a period of 
twelve months Although this accounted for only a frac- 
tion of our total needs, it gave us the opportunity to ob- 
tam immediate service on our few key requirements, and 
the previously tight situation was consequently eased con- 
siderably 

But a pnce has been paid at Savannah River, at Padu- 
cah, at Femald, and elsewhere for the delays brought 
about by the tight matenals situation and the work stop- 
pages both within and without the Commission s program 
The price has been paid m both dollars and m time, and 
the repercussions of these difficulties have been felt 
throughout the entire construction effort By way of illus- 
tration, here is another headache the Commission encoun- 
tered that was at least partly due to the difficulty of bnng- 
mg everythmg together at just the right time and place 
At Savannah River the Atomic Energy Commission fig- 
ured in advance that the peak construction force, assum- 
mg everythmg went as scheduled, would total about 45,- 
000 people It is obvious that no semi-remote area m the 
country can absorb an additional temporary population of 
this magnitude, particularly when one remembers that this 
figure does not mclude the famihes of workers So, as part 
of the total construction problem at Savannah Raver the 
Commission also faced the necessity of providmg housmg 
for these temporary workers and their families Here, 
agam, was a problem of synchronization, for the additional 
housmg had to be there when the need for the peak load 
of workers amved Otherwise, the workers could not have 
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for tlic program The place liurt the most was the Savan* 
nah nivcr plant, wlicrc very large quantities of structural 
steel were needed right at the time the effect of thestrJee 
was at its worst The steel workers in general were very 
good about keeping defense orders moving throughout the 
strike, but the work stoppage couldn't help but slow dtnvn 
even defense production For one thing, it took time to de- 
termine just what was defense work and just what was not, 
and, for another, it was very hard for the steel uidustiy to 
meet specific defense demands when virtually all of its 
productive capacity was closed dmvn 
Even before tlic steel strike, however, the Commission 
had eqiericnccd a good deal of trouble getting structural 
steel and other critical materials for Savannah River on 
schedule But here it was a quesbon of priorities rather 
than of material shortages The Commission could, and 
sbll cm, get all the materials it needs because the National 
Production Authonty has been vcr>' good about making 
allocations to the atomic energy program and then trouble- 
shooting them througli But since the Commissions prior- 
ity was no better than the pnonty assigned all other de- 
fense work, of which there has been a great deal, this still 
wasn’t good enough The urgent construebon schedules in 
atomic energy often have not permitted the Commission 
the luxury of waiting in line, even when it coidd get in 
ahead of all non-defense orders What it wanted was the 
nght to take delivery at several construebon jobs on cer- 
tain crucial items after a delay of no longer than mdustry 
reqmred to produce them The Commission didn’t want all 
of its orders filled m this way, naturally, but it did want a 
few where the need was especially urgent 

This meant that, if there were to be no delay m the ex- 
pansion program, the Atomic Energy Commission had to 
have a super-pnonty that would put at least some of its 
items ahead of most other defense work And this, m turn, 
meant that some relabve priorities within the defense pro- 



The Headaches io5 

of landlord to the employees of its contractors, it chose to 
enter into contracts with private concerns for 4,000 trailers 
to house famihes, and four large barracks projects capable 
of accommodatmg 7,500 smgle men Under these contracts 
occupancy was guaranteed up to 90 per cent for the trail- 
ers and 100 per cent for the barracks for four years, with 
provision for earlier cancellation witli payments to reim- 
burse the contractors’ losses 

But three thmgs went wrong Because of materials 
shortages, the peak employment turned out to be 39,000 
mslead of 45,000, an unprecedentedly large percentage of 
married men turned up on the job with their families (80 
per cent instead of the usual 60 per cent), and the single 
men who arrived exhibited a marked preference for any 
kmd of domicile as long as it wasn’t a barracks 

As a result, it was early decided that one of the four bar- 
racks projects planned would not be needed, and construc- 
tion fortunately was canceled before it was started The 
other three, however, compnsmg 4,500 beds, were com- 
pleted and placed m operation But the highest occupancy 
level reached m them was about 25 per cent They have 
subsequently been removed, therefore, and the contract 
with the pnvate owner canceled To my knowledge, no one 
has yet come up with a good explanation as to why this 
departure from previous construction experience should 
have been encountered at Savannah River At Paducah, 
where barracks also were provided, the Commission’s cal- 
culations, based on the same experience, came out just 
about right 

In contrast to the barracks situation, the trailers at Sa- 
vannah River hav e been remarkably successful Occupancy 
has been at or very close to 100 per cent ever since they 
were placed m service But there has been one slight head- 
ache there, too, in the form of an unanticipated cost re- 
sulting from an unforeseen and rather tardy action by the 
local rent-control board This board, after some of the 
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been obtained when they were needed, and the whole con* 
struetion project would have been delayed at a cost of sev- 
eral million dollars a month while we provided the neces- 
sary housing Tills meant that the Commission had to 
determine m advance how much housing would be needed 
and wint types it should be 

To arrive at an answer, past CTpcnence on other very 
large construction projects avas studied, and, with the co- 
operation of other government agencies, the Atomic En- 
ergy Commission surveyed the area to evaluate its capac- 
ity to absorb the temporary population It then estimated 
how manj of the temporary workers would be single, how 
many would have famihes, how many children they w'ould 
have, how much rent they would probably be wilhng to 
pay, how old they would be, and how many of them would 
be able and wiling to find suitable housing of their own 

Havmg done tins, the Commission had t%vo alternatives 
It could either provide the housing itself, talang a substan- 
tial loss when the time came to dispose of it, or it could 
enter into contracts with private concerns, guaranteeing 
them a minimum income large enough to realize a mini- 
mum profit The Atomic Energy Commission would natu- 
rally have much preferred to leave tins entire problem m 
the lap of private enterprise, but the short penod of time 
for which most of the housmg would be needed ehnunated 
this possibility No private operator would have had a 
chance of getting even his ongmal mvestment back There 
was therefore no way of avoiding a government subsidy of 
some sort, one which the Commission figured would ulti- 
mately run, at a mmimum, to between eight and nine mil- 
hon dollars, or about six tenths of one per cent of the total 
cost of the project It was estimated {and this was later 
borne out) that the cost to the government would be 
about the same whether it provided the housmg itself or 
through contractors 

Because of the Commission’s pobey of avoiding the role 
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a good deal of deliberation, therefore, the Commission au- 
thorized an extension of the work week at the Savannah 
River plant from forty-five to fifty-four hours for a period 
of eight months (It has since been reduced to an average 
of forty-nme hours per week ) This helped to attract tlie 
needed workers, but it also meant that somewhat more 
had to be spent for labor than bad been anticipated 

An example of a different kind of overtime headache oc- 
curred m Nevada durmg the weapons test series in the 
spnng of 1952, when the Atomic Energy Commission 
found one of its CPFF contractors— and therefore itself— 
paying a small group of electricians and plumbers wages 
rangmg up to $800 per week The way they earned these 
fantasbc wages, of course, was through overtime As it 
turned out, however, there was nothing irregular about the 
payment of these wages They were earned, and at stand- 
ard hourly and overtune rates of pay negotiated with the 
umon m advance There was no “golden time” or "double- 
double tune” or fraud or anythmg like that Here is what 
happened 

A few weeks before the test senes was scheduled to be- 
gin, an urgent AEC-Department of Defense requirement 
developed for some knowledge that would importantly 
affect both weapons development and military planning, 
and that could be gamed only by means of a special 
weapons test It was decided by the Atomic Energy Com- 
mission and the Department of Defense, with the Presi- 
dent’s approval, that this test should be held as soon as 
possible as a part of the senes already planned The 
Atomic Energy Commissions people m Nevada were told 
to make the necessary preparations, which meant that 
some substantial modifications and additions had to be 
made to the structures and equipment being erected at the 
test site The scientists worked out what was needed and 
the construction people worked on their part of the job 
almost simultaneously 



io6 Jtcporl on the Atom 

trailers were already occupied, placed a rental ceiling on 
tliem that was $2250 per month belmv the figure we 
had guaranteed to the private concern owning them Hie 
government, tlicreforc, is now making up the difference 
The Commission has appealed this action by tlie local 
board 

There is reason to hope that the success of the trailer 
operation Nvill compensate for the two million dollars or so 
tliat the low occupancy rate of tlic trailers may ultimately 
cost the government after final settlement charges are de- 
termined Tlie barracks had best be forgotten One thing 
IS certain the Commission learns as it goes along, and I 
suppose it IS almost superfluous to add that it has no plans 
for barracks at the new Poiismoutli site imtil concrete 
proof develops that they are needed 

Tliere arc a good many other reasons why you will find 
packages of aspirin tablets m a large percentage of the 
desks around Commission headquarters in Washmgton, 
and a fair share of them come under the heading of “over- 
time ” Overtime, because it is expensive, is something the 
Commission feels should be used only when absolutely 
necessary to get the job done This was the plan at Savan- 
nah River, which I like to use as an example because it en- 
compasses just about every conceivable kind of situation 
The plan there was to avoid overtime except where it was 
absolutely unavoidable To this end, a forty-five-hour 
week was estabhshed and the Commission decided to stick 
to it, hiring enough men to do the job on that schedule 
But it wasn't quite as simple as that In the tight construc- 
tion-labor market existing then, it was impossible to attract 
enough people who wanted to work only forty-five hours 
when there was plenty of other work available that in- 
volved more hours and therefore more pay In the con- 
struction field, where wages are more or less uniform and 
the demand in many places exceeds the supply, builders 
often must bid for workers’ services with overtime After 
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men already on the site as hard and as long as they were 
willmg and able to work This ^vas done, and I behev e he 
made the best possible decision under the circumstances 
Everyone connected with tlie operation can take real pnde 
m the fact that when H-hour of the first test day arrived 
the now-famihar bhndingly bright light filled the desert 
sl^, a roar reverberated through the Nevada hills, and a 
great mushroom-shaped cloud billow ed miles up mto tlie 
air The deadlme had been met, tlie test w'ent off as 
planned, and the national security had been substantially 
advanced But the overtime mcident was a headache just 
the same, and the Commission immediately took steps to 
keep the need for such extensive overtime from arising 
agam 

I have cited these few isolated, but more or less typical, 
examples of the headaches that go with a multibillion-dol- 
lar construction program as illustrations of the things that 
come along to harass the Commission as it tries to keep its 
mmd and eyes focused on its mam objective-optimum 
atomic strength m this country as soon as possible They 
are the kinds of headaches that grow out of the dramatic 
and nasty mcidents that require attention far out of pro- 
portion to their significance to the total program You 
might thmk tliat barracks m South Carolma or plumbers in 
Nevada are rather far removed from the neutrons, reac- 
tors, and atomic bombs, but in actual practice they are not 
They are a necessary part of the great effort bemg carried 
on to give substance and meaning in terms of national se- 
cunty to the ideas that generate in the mmds of our scien- 
tists 
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But time began to nin out, and as the date for the start 
of the test senes approached, the construction people had 
to work longer and longer hours to meet the completion 
deadline and still keep up with tlic scientists’ last minute 
changes Tlie burden fell most heavily on tlie electricians 
and plumbers, and particularly upon a few key supcrvi 
sory people It was tlicsc supcr\ isory people who received 
the fantastic wages, building up in tlie final w eek or two to 
as much as $800 To cam tills, however, they had to work 
on an average of nearly twenty hours per day (t\\elve of 
them overtime), eating on the job and cat-nappmg when 
tlicy could get the chance 

Of course, it might be argued lliat it was not absolutely 
necessary to pay these enormous salaries to these few indi- 
viduals But what were the otlicr alternatives? 

1 Tlie test senes could have been postponed at a meas- 
urable cost of $30,000 per day (erpense of maintaining 
the many scientists, technicians, and construction workers 
at the site) and at an immeasurable cost to the national 
security 

2 Additional workmen could have been brought in 
from Lob Angeles, the nearest labor market of any size, 
which was 250 miles away This would hive meant taking 
time to familiarize these new people with the job, as well 
as housing and feeding them m an already crowded desert 
site where men were sleeping in double-decker bunks, 
where the cafeteria was running around the clock, and 
where even the drinkmg water had to be hauled in from 
about eighty miles away In addition, according to stand- 
ard industrial practice, the Commission would have had 
to pay the transportation of these new workers to and 
from the site 

After takmg a look at these alternatives, the Commis- 
sion’s test director decided that the simplest, most effi- 
cient, and most inexpensive course of action would be to 
meet the deadlme on time, and to meet it by working the 



The Payoff Weapons m 

“The atom bomb is the most horrible and fiendish 
weapon ever devised by man Its smful for us to go on 
malang them ” 

“The A-bomb doesn’t amount to much, why, those sol- 
diers out m Nevada were right up beside an explosion and 
weren’t hurt at all They were iaugliing when it was 
over ” 

“Did ) ou see where the atomic energy people blew up a 
whole island in the Pacific? Why, they wiped it right off 
the mapl” 

“Atom bombs are bad all right, but if you hve a couple 
of miles away from the nearest target, you’ll be okay ” 

“If the Russians ever decide to let go on us with A- 
bombs, there ^\on’t be a thing we can do except clobber 
them back Civil defense is just a waste of time— like 
throwing sand on a volcano ” 

' What I never could understand is why we didn’t use a 
few A-bombs m Korea We could have blasted those Reds 
right out of those hills and back to China ” 

‘A-bombs are like poison gas, both sides have them 
and both sides are afraid to use them ” 

“The H-bomb? I want to keep my sanity, let’s talk about 
baseball ’’ 

Much of the confusion is undoubtedly due to the reti- 
cence of the Atomic Energy Commission— a reticence cal- 
culated to deny useful knowledge to our potential ene- 
mies Unfortunately, it also denies useful knowledge to 
our own people But it is impossible to give information 
to the American public without also giving it to those who 
would use it against us Tbat is the dilemma, and it is gen- 
erally solved by giving out certam basic information upon 
which reasonable and responsible people can reach valid 
conclusions, and withholding information that would help 
our possible enemies more than it would help us This is 
often hard to do, but it is the objective 
I know there are those who say “Fuchs and those fel- 
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Tlie Payoff: Weapons 


At tlie end of the long, bustling atomic energy produc 
tion line, with its far-flung exploration parties, remote 
mines, futuristic plants, and boommg construction activ- 
ity, lie the secret locations where our national stockpile of 
atomic weapons is stored These weapons are the end 
product They are what all the activity is about and what 
the production line is for By merely reposing quietly in 
their hidden vaults they affect the bves of all of us and in- 
fluence the course of world events 

There has probably been more talk about atomic weap- 
ons than about any other phase of atomic energy Yet, 
there is probably less real understandmg of what atomic 
weapons are, what they can do, and how they affect us, 
than there is about any other part of the atomic energy 
program Too much of the talk is based on ignorance, too 
much of it IS seasoned with speculation or sensationahsra, 
and too much of it is garnished with fear or repulsion to 
make it very useful as a means of obtammg an objective 
understanding of what atomic weapons are really all 
about 

It is not suiprismg, m such a setting, to hear such con- 
tradictory comments as die foUowmg 
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misleading, or because tliey are talking in areas where 
they have ‘no business" to talk As tempting ns this solu- 
tion IS, it in man) \\ays cames with it more dangers than 
the circulation of irresponsible reports, for governments 
that have engaged in this kind of activity ha^e invariably 
found it hard to know where to stop The “misleading” 
books found in Germany by Hitlers Nazi government 
made quite a bonfire 

Some of the misunderstanding about atomic weapons is 
probably also due to the small amount of experience the 
public has had with them Fortunately, none has ever been 
exploded in the United States except under controlled test 
conditions Of the at least forty-nine that have been deto- 
nated m vanous parts of the world, only six have been seen 
and studied by people not connected with the atomic en- 
ergy programs or armed services of the United States, 
Great Britam, or the Soviet Union Here is a chronology of 
the atomic explosions that have taken place throughout 
the world up to the time of tins vvntmg 

1945 Total of 3, all by the U S , at Alamagordo, Hiro- 
shima, and Nagasaki 

1946 Total of 2, both by the U S , at Bikini Atoll m tlie 
Pacific 

1947 None 

1948 Total of 3, all by the U S , at Eniwetok Atoll m the 
Pacific 

1949 Total of 1, by the USSR,' somewhere m the So- 
viet Union ” 

1950 None 

1931 Total of 18, including 12 by the U S in Nevada, 
4 by the U S at Eniwetok, 2 by the USSR 

1952 Total of at least H, including 8 by the U S m Ne- 
vada, at least 2 * by the U S at Eniwetok, 1 by the British 
at Monte Bello Island, Australia 

1933, up to July 1 Total of 11, all by the U S in Nevada 

* £xact cumber confidential at this writing 
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lows stole most of our old wartime secrets and gave them 
to the Russians, why not publish tins information so our 
owTi people will know at least as much as tlic Russians?" 
Tins IS good reasoning so far as it goes, except for one fa- 
tal fallacy Spies, like the rest of us, arc only human, and 
the information they pass on is subject to distortion and 
misinterpretation, just like the gossip at last nights bndge 
party or tlie report in yesterday s paper It might just be 
that an official announcement over hero could clear up 
the one point in a spy’s report that had been left out or 
wrongly interpreted But in any event, it is not so much 
the technical secrets on bow to make weapons that help 
public understanding as it is information on what atomic 
bombs can do 

Part of the confusion about weapons, in my opinion, is 
duo to those people outside of tlie program (some of them 
well meaning) who have discovered that one can attract 
headline attention, and tliereforc a certain kind of fame, 
by saying things publicly about atomic bombs It is a 
case of the self-styled expert rushing in where the govern- 
ment, for secunty reasons, fears to tread Some of what 
these people say is true, a good deal of it is not \Vhile this 
may be good for the national secunty, in that it may con 
fuse our competitors, it is scarcely good for pubhc under 
standing And yet the government cannot censor the writ- 
ings and utterances of these people in detail, for to do so 
would be to tell them exactly what the real secrets are and 
thus leave them free to pass the truth on to their fnends or 
acquaintances, or perhaps even to pubhsh it Their dem- 
onstrated irresponsibihty does not recommend them as 
good secunty risks By the same token, the government 
also cannot pubhely correct dieir misleading reports, for to 
do that would be to broadcast the secret we are trying to 
protect 

Sometimes I have heard it said that the government 
should censor these people just because what they say is 
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misleading, or because they are talking in areas where 
they have “no business" to talk As tempting as this solu- 
tion IS, it in many ways carries with it more dangers than 
the circulation of irresponsible reports, for governments 
that have engaged in this kind of activity have invariably 
found it hard to know where to stop The misleading" 
books found in Germany by Hitlers Nazi government 
made qiute a bonfire 

Some of the misunderstanding about atomic weapons is 
probably also due to the small amount of experience the 
public has had with them Fortunately, none has ever been 
exploded in the United States except under controlled test 
conditions Of the at least forty-nine that have been deto- 
nated in various parts of the world, only six have been seen 
and studied by people not connected with the atomic en- 
ergy programs or armed services of the United States, 
Great Britain, or the Soviet Union Here is a chronology of 
the atomic explosions that have taken place throughout 
the world up to the time of this writing 

1945 Total of 3, all by the U S , at Alamagordo, Hiro- 
shima, and Nagasaki 

1946 Total of 2, both by the U S , at Bikini Atoll in the 
Pacific 

1947 None 

1948 Total of 3, all by the U S , at Emvvetok Atoll in the 
Pacific 

1949 Total of 1, by the USSR, "somewhere in the So- 
viet Union ” 

1950 None 

1951 Total of 18, includmg 12 by the U S m Nevada, 
4 by the U S at Emvvetok, 2 by the USSR 

1952 Total of at least 11, mcludmg 8 by the U S in Ne- 
vada, at least 2 “ by the U S at Emwetok, 1 by the British 
at Monte Bello Island, Australia 

1953, up to July 1 Total of 11, all by the U S in Nevada 

• Exact number confidential at this wntmg 
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Of all tliese, only the ones at Hiroshima and Nagasaki m 
1945, llie two at Bikmi m 1948, and one each in the 1952 
and 1953 scries in Nevada have been seen relatively close 
up by iinofficml observers Hus is not, unfortunately, a 
very broad base upon winch to build an accurate public 
understanding of atomic weapons and tlieir capabilities 
There wiU be more "open" shots, and there should be 
\VI«lo die general paucity of official information on 
weapons has restricted public understanding to some de- 
gree, perhaps tlie most important obstacle results from the 
fact that atomic energy began as an entircl) secret project 
which burst into w orld consciousness m the most spectacu- 
lar and violent kmd of way Consequently, too many peo- 
ple stUI consider atomic weapons to be too secret to men- 
tion, or loo horrible to contemplate, and they therefore 
close their minds to the audiontativc facts the govern- 
ment has released to them Too many others, apparently 
remembering Hiroshima, are inclined to believe every sen* 
sational report they hear, no matter what the source is, 
and the governments official remarks become lost m a 
general sea of rumor and speculation 
I think it IS possible to bring some sense out of all this, 
and I shall attempt to do so later on in tins chapter But as 
part of the background, I believe it would be useful to 
look at some history 

To date, two atomic bombs, and only two, have been 
used as weapons of vvar They were used not as so-called 
‘tactical w capons' against troops m the field, but as “stra- 
tegic weapons” delivered against die power of an embat- 
tled nation to continue to make war They were used by 
the United States, and they were delivered by aircraft op- 
erating in skies over which we had won control and against 
an adversary who was not capable of retaliating either m 
land oiT ID any other effective way against our homeland 
As a result of the use of these bombs, two Japanese cit- 
ies of moderate size were destroyed, with 100,000 
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ties, and sw days after the second attack the Japanese na- 
tion, which had previously given every indication that it 
would continue to resist e\en an invasion, surrendered 
It is generally accepted as a fact that there ^v as a direct 
relationship between these two events, and I am one of 
those who beheve this to be true I believe this, not be- 
cause the destruction wrought by the atomic explosions at 
Hiroshuna and Nagasaki was so great as to cripple the Jap- 
anese war machine to the point where it could no longer 
continue to fight— because it obviously wasn’t— but rather 
because the United States had demonstrated that it pos- 
sessed an awesomely destructive new weapon and was ca- 
pable of using it 

The Japanese had seen thousands of aircraft over their 
cities and had felt the impact of the conventional weapons 
they carried They were apparently totally unprepared, 
both physically and psychologically, to cope with a situa- 
tion where these thousands of aircraft might be carrying 
the new and temfymgly powerful weapons they had seen 
demonstrated at Hiroshima and Nagasaki To withstand 
attacks with conventional weapons in great numbers, in- 
cluding fire bombs, or even to figbt fanabcally and sm- 
cidally for every inch of their homeland was to the Japa- 
nese one thing, but to sit impolently by while Japan was 
pulverized mto a desolate wasteland was, apparently, quite 
another 

Perhaps if the Japanese government had known the 
exact size of our stockpile in August 1945 (after the at- 
tacks, it was virtually nonexistent), they would not have 
surrendered short of an mvasion But they did surrender 
This fact, I feel, has ever since had a direct bearing on 
the way m which atomic bombs have been viewed, not 
o^y by the peoples of the w'orld, but also by a good 
many of the world’s mihtary strategists and diplomats, 
including some of our own 

The Japanese surrender, then, found the United States 
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m tlic uniquely favorable position of being the sole pos- 
sessor of a weapon that was almost universally credited 
with a capacity to destroy cities on a ratio of one bomb 
per city, and to end wars on a ratio of two bombs per war 
It IS an interesting and, I think, compbmentary comment 
on the character of the American people that our prm 
cipal reaction to this turn of events was one of acute 
embirrassment Many spokesmen for the American sci 
entific community stated quite candidly that they enter- 
tained grave misgivings about the role they had pla}ed 
in unleashing this terrible new force upon tlic world The 
atomic bomb was often called “the absolute weapon,” 
“the forerunner of Armageddon," and ‘ a glimpse of Hades 
Itself’ Many of our most eminent clergymen and civic 
leaders openly questioned tlic morality of usmg such an 
obviously horrible weapon And, in an unprecedented 
action, die United States formally offered to the United 
Nations a plan whereby we would give up the atomic 
bomb and place atomic energy under international con 
trol 

By these means, with the best mtentions m the world, 
we proceeded to augment the impression, already created 
by Hiroshima and Nagasaki, that here was a weapon that 
was worse than all other weapons, and somehow worse 
than war itself Under this kind of reasoning, carried to its 
extreme, it becomes much less of a crime wantonly to 
invade your neighbor, bum his cities, and murder his 
women and children, than it does to use an atomic bomb 
m your owm defense Meanwhile, m the absence of mter- 
national control, and with Uie realization that tlie dis- 
tasteful atomic bomb still constituted a bulwark against 
the aggressive designs of Soviet Commimism, we pro- 
ceeded to develop bigger and better bombs and build up a 
stockpile of them ready for use by our strategic air forces 
if the occasion arose With the demobilization of our mih- 
tary forces m Europe, the Far East, and at home, this 
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stockpile, paradoxically, became tlie most important smgle 
factor in our strategic defense planning 
All of this had both good and bad effects On the bad 
side, I would say, was the fact that we succeeded admi- 
rabl) —aided by eager Russian propagandists— in working 
ourselves into a position where the most important single 
ingredient m our defense arsenal w'as tucked away where 
it couldn’t be taken out, except under the most extreme 
conditions, without a good deal of soul-searchmg at home 
and a loss m our reputation for morahty abroad No one 
appreciated this situation more than the Russians B) 
means of it, they were given a much greater freedom of 
action m the postwar world than they w’ould otherwise 
have enjoyed They were, because of Ae wraps in which 
our A-bombs w ere kept and our general w eakness m other 
areas, free to create a seemingly endless series of what 
from our point of view were serious, but nonetheless sub- 
critical, situations which did not involve for the Russians 
the risk of atomic obhteration, but yet had an excellent 
chance of redounding to their benefit 

On the good side was the fact— and I am among those 
who firmly believe it is a fact— that our atomic monopoly 
and our stockpile of bombs for strategic use was a deter- 
rent to the Russians m that it made it impossible, or at 
least foolhardy, for them to commit the irrevocable act 
that would bring on all-out war They tried to do just 
about everything they could get away with short of bring- 
ing on all-out war Our atomic stockpile, therefore, prob- 
ably more than anything else, brought the free world 
safely through the postwar years when we were woefully 
w eak m conventional arms 

An enormously important new factor was mtroduced 
into this world situation m 1949, when the first atomic 
explosion took place in the Soviet Union This may not 
have been too important m itself, for it is a long way 
from a first test bomb to a significant stockpile But it was 
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of the utmost imporlnncc so far as the future was con- 
cerned, for it meant tint one day the Russians would un 
doubtedly ha\c enough bombs to deliver an atomic at 
tack on the United States and the other countries of the 
free avorld, if they chose to do so Thus, since 1949, we 
have been watching the value of the main ingredient in 
our national defense arsenal gradually dimmish as the 
Russians build toward a stockpile of atomic bombs which 
tliey may well feel, no matter how crude their design, wll 
someday reach sufficient proportions to cancel out the 
atom as an instrument of warfare If such an impasse oc- 
curs, the United States would appear to be left m a rather 
unenviable position The most useful product of our tech 
nological competence would appear to be lost to us, except 
as a deterrent to the use of A-bombs by the enemj, and 
the Russians would appear to be free to take full advan- 
tage, m world military and diplomabc affairs, of their 
vast superiority in man power and their higlily favorable 
strategic position dominating the Eurasian land mass 
The atomic impasse I have described here could, of 
course, be upset at any time, in favor of cither side, by 
improvements m modes of defense and means of dehvery 
A stockpile of bombs big enough to destroy every mch of 
an enemy’s industnal heartland would be of little value 
unless the means existed for getting these bombs through 
the defenses and on to the target 1 hope smcerely that in 
this competition the free world will always have tlie lead, 
and I hope tiiat no sense of false economy will slow that 
lead It would be unrealistic, however, to count on this 
lead always being on our side, or always being significant 
enough to guarantee complete immunity from attack The 
gloomy truth is that anyone who possesses a large stock- 
pile of atomic bombs will in all likelihood possess also 
the means of getting at least some of them— and probably 
a good percentage— through to the target 

I have described what I consider to be an unhappy state 
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of affaus But fortunately tire factor of the Russian bomb 
IS not the last factor to be introduced into this atomic 
military equation If you will recall the chronology given 
earlier m this chaper, you will note that m 1951 another 
rather noteworthy development took place Whereas from 
1945 to 1950 only seven test bombs were set off m the 
world, in the year 1951 sixteen were detonated by the 
United States alone There was a reason for this sudden 
burst of test activity because of some brilliant research 
and development work at the Los Alamos Scientific Lab- 
oratory, it became possible for the military services to be- 
gin to think of the atomic bomb in terms of a battlefield 
weapon, and not just something that is delivered by mter- 
contmental bombers or guided missiles against the mdus- 
tiial heartland of an enemy A good many of the tests held 
m 1951, and since then, have therefore been for the pur- 
pose of developing new varieties of atomic weapons suit- 
able for use by troops in the field, by aircraft supportmg 
these ground forces, and by navies In this country many 
troops have been trained as part of these operations 
What effect does the introduction of this new factor 
have on the impasse we appear to be drifting toward in 
the strategic use of atomic bombs? Briefly, it could mean 
that, while we might be unwilling to use our bombs stra- 
tegically agamst Russia for fear of retahation, and Russia 
be unwilling to use hers against us for the same rea- 
son, we would nevertheless be in a position to use our 
tactical weapons in the field, thus so increasing the fire- 
power of our forces that Russian man-power superiority 
would be virtually canceled out Under this hne of rea- 
soning, our atomic stockpile once again becomes a deter- 
rent, not only to an atomic attack against us, but also 
to an act of major aggression agamst us or our allies with 
conventional arms 

In answer to this, one might of course say “But if we 
^ed atomic weapons in any form at all— even tactically in 
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the field— shouldn't ^\c expect the Russians to retaliate 
with a strategic attack against tlic United States interior, 
or against our allies, assuming they ere in a position to do 
so?” I can only reply that if I were a Russian I would cer- 
tainly think twice before I did so Our retaliation against 
the Russian heartland m such an event \%ould be tern- 
fymg 

One might also ask “But isn’t it possible for the Rus- 
sians to make these tactical weapons and use them against 
our troops in the field? ’ Of course, it is possible But the 
important thing to remember here is that, even m that 
event, we will have succeeded in getting tlic competition 
back on a basis where the premium is no longer on man 
power, where we arc at our w'cakest, but rather on tech- 
nological competence and production capacity, where we 
are at our best As to how llus race is going at present, I 
point only to the wide disparity in the number of tests 
held by the two countnes to date, and tests are an im- 
portant and necessary part of any weapons development 
program 

Another question one might logically ask is “But 
wouldn’t the moral inhibitions associated with the stra- 
tegic use of atomic weapons also apply to their use m a 
tactical way? ’ My answer would be diat they should not 
The specter of Hiroshima and Nagasaki should not hang 
over the tactical use of atomic weapons agamst military 
men, particularly those engaged m an aggressive act The 
mass killin g of millions of women and cluldren and the 
fear of retaliation in kmd is, m my view, what causes 
most people to be more revolted and horrified by the 
thought of atomic warfare than they apparently are by the 
thought of warfare per se But none of these things would 
appear to apply to the use of atomic weapons agamst 
troops Napalm (jelhed gasolme used as mcendianes) is 
a fearsome weapon, but there is no mtemational revulsion 
agamst its use on the batdefield, and I don’t think there 
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should be any revulsion against the tactical use of atomic 
weapons Rather than a feeling of revulsion, there should, 
m my opinion, be a feeling of relief that a way has been 
found to resist aggression without all of the horrors nor- 
mally associated witli atomic war 
By all this I do not mean to imply that, even imder the 
conditions I have described here, we would no longer 
have need for strategic weapons Far from it We would, 
if for no other reason, need them to keep them from being 
used against us And, if they were used against us, we 
would need them as a means of mstant and effective re- 
taliation We might also need them for use against major, 
purely military targets in various parts of the territory 
controlled by the enemy 

There is, of course, one other factor affecting the world 
distribution of power in the field of atomic weapons, and 
this IS the so called hydrogen or ‘thermonuclear” bomb, 
about which the self-styled experts have had a good deal 
to say But if the government's official attitude toward pub- 
hc discussion of atomic weapons of the more conventional 
type is one of reticence, its position on information about 
the hydrogen bomb can be described as one of virtually 
complete silence This is about all that has been said 
officially 

1 On January 31, 1950, the President announced that 
he had directed the Atomic Energy Commission to con- 
tinue its work on all forms of weapons, “including the so- 
called hydrogen bomb ” 

2 On May 25, 1951, the Commission announced that a 
senes of weapons tests had been successfully carried out at 
Emwelok The announcement contained this sentence “In 
furtherance of the Presidents announcement of January 
31, 1950, the test program included experiments contribut- 
ing to thermonuclear weapons research ” 

3 On November 16, 1952, the Commission announced 
that another series of w eapons tests had been completed 
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at Eniwclok Again the announcement contained this sen 
tcncc "In furUicrancc of the President's announcement 
of January 31, 1950, the test program included eipen 
ments contributing to thermonuclear \\ capons research” 

4 In Ills final Slate of tlie Union message on January 7, 
1953, President Truman said "And recently in the thermo- 
nuclcnr tests at Eniwctok, we have entered another stage 
in the world-shaking development of atomic cnerg) From 
now on man moves into a new era of destructive power, 
capable of creating explosions of a new order of magm 
tilde, dwarfing tlic mushroom clouds of Hiroshima and 
Nagasaki ” 

I tlunk it IS obvious from all this that we have not been 
going backward m tlic H-bomb field, and that it is only 
prudent to assume that a slock'pilc of workable H-bombs 
can be accumulated And this should be remembered If 
we can do it, there is no reason to beheve that others can t 
Tlie H-bomb, therefore, is a new factor m our atomic 
mihtaiy equation that must be taken mto account It is 
quite possible that it may tip the scales temporarily in our 
favor, but it can t be for long 

There has been some controversy among experts about 
the real significance of the H-bomb In weighmg its im- 
portance, two things are worth remembering First, it can 
be designed to be many times more powerful than the 
most powerful A-bomb, and second, although it requires 
an A-bomb to set it off, its extra power is obtamed from 
the use of materials that are plentiful m nature Theoreti- 
cally, such a bomb can be made as destructive as one 
wishes, but this is not a very meaningful kmd of state- 
ment, for, agam theoretically, one could also make a TNT 
explosion as big as one wished by simply adding more ex- 
plosive material But from the practical standpomt, there 
are m both cases some real limitations havmg to do with 
such things as design, dehverabihty, mihtary usefulness, 
and comon sense 
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Although it IS probably of but small comfort, there is 
one practical hmitation on the destructive effects that can 
be attained on earth by an explosion This anses from the 
fact that the mam force of any explosion travels in the line 
of least resistance For a bomb explosion, this Ime is up- 
ward mto the atmosphere It is therefore theoretically pos- 
sible to make an explosion so big that the main force of 
the blast would penetrate the earth^s envelope of air and 
be dissipated harmlessly in space Certainly there is very 
little point for anyone to make a bomb with an explosive 
force bigger than this, no matter how evil or maniacal his 
intentions 

Another small ray of hope stems from the fact that the 
radius of blast damage for any kind of an explosion m- 
creases at a much smaller rate than the rate by which 
the power of the explosion is raised The damage radius is 
actually increased by a figure equal to the cube root of the 
figure representing the mcrease in the power of the explo- 
sion Thus, if one were to multiply the explosive force of 
any given bomb 125 times, the radius of damage would be 
increased but five times, five being the cube root of 125 
And, by the same token, if one multiphed the power of any 
given bomb a thousand times, the radius of damage would 
be increased but ten times In the case of the Hiroshima 
bomb, the radius of almost total destruction was about one 
mile For a bomb a thousand times as powerful, therefore, 
the radius of almost total destruction would be about ten 
miles It IS clear from all this, I believe, that there is a 
law of diminishmg returns working on the side of hu- 
manity 

On the gloomy side, however, is the fact that a hy- 
drogen bomb can be deliberately rigged with certain ma- 
terials that would be made very highly radioactive by the 
explosion and disseminated by jt into the atmosphere and 
over the surface of the earth for thousands of miles in 
the direction of the prevailing winds These materials 
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\\ou1d Imvc a deadly' cfFcct on all living things with wbcli 
they came in contact But there is a ray of hope even here 
Anyone who used such a fiendish device would ha\e a 
very difficult time making sure that lie himself might not 
be subjected to a “boomerang” effect from air currents 
over winch he had no control and could not predict with 
complete accuracy m advance TIic prudence, or even the 
military value, of such an inhumane device would be 
open to serious question, even for one obsessed with the 
mad dream of world conquest Used m this way, the H* 
bomb would not be a weapon of war, it would be an la* 
strument for the dcstmction of civilization and possibly of 
all mankind 

One wav of considering the value of the H-bomb as a 
practical weapon of war is to ask oneself the question 
‘'^Vould I ratlier liv c in a city tliat was hit by one H*bomb 
or a hundred A-bombs?’ "nie answer is, of course, that 
none of us would want to live in a city that was hit by 
either To the man m the target city it makes httle dif- 
ference whether he is attacked by one or two H-bombs or 
a basketful of A-bombs addmg up to the equivalent de- 
structive effect But to the man who launches the attack 
the H-bomb has a certam value, particularly m the case 
of very large and important targets It means, for example, 
that he can either launch but a fraction of the carriers 
(aircraft or guided missiles) that he would otherwise 
need, or that he can afford much greater losses among his 
earners and still deliver a knockout blow It also means 
that, if he is short of fissionable matenal or wishes to save 
it for other uses, such as m smaller weapons against 
troops, he can get a lot more destruction out of it in H- 
bombs than he could if he used it exclusively in more 
conventional atomic weapons It is m relation to consid- 
erations like these that the H-bomb begins to have real 
meanmg to the mibtary man 

I prormsed earlier m this chapter to try to bring some 
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sense out of the welter of words that have been spoken 
and mitten about atomic weapons In the perspective of 
the historic trends just discussed, the following facts and 
conclusions seem to me to be pertment 

1 Two atomic bombs have been detonated in war The 
power of these bombs has been officially disclosed Each 
was equivalent to about twenty thousand tons of TNT 

2 The effects of these bombs, which were detonated in 
the an: above the target, are well known Of the casual- 
ties, most were due to such secondary effects as flying 
debris and induced fires, as has been tlie case in all other 
high-explosive bombmg attacks These effects can be min- 
imized by effective civil-defense measures Of the direct 
effects of the bombs, the most important from the stand- 
pomt of casualties was heat Next was blast Last was 
radiation All of these can be minimized by effective civil- 
defense measures, including particularly the deployment 
of the population from the target area It is known that the 
other effect of an atomic attack, the deposition of radio- 
active dust particles, was not very important at either Hi- 
roshima or Nagasaki The towns were reoccupied shortly 
after the attacks without harm to those retummg 

3 It has been learned from postwar tests and calcula- 
tions that the area of damage resulting from an A-bomb 
explosion is substantially reduced in the case of under- 
ground or undeiAvater detonations, and that the lethal ef- 
fect or residual radioactivity is substantially increased 
Total casualties might be greater or smaller depending 
upon a number of factors, such as disposition of the popu- 
lation, location of the detonation, wind direction, size of 
the bomb, and so on The effect of residual radioactivity, 
howev er, like the other effects, can be minimized by ef- 

ective civil-defense measures (such as baths, removal of 
contaminated clothing, consumption only of foodstuffs 
that have been protected by containers, and decontamina- 
tion of surfaces with detergents, soaps, and water) 
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A Of the four atomic detonations since World War 11 to 
which unofRcial observers, including representatives of the 
press, have been admitted, all have been m tlic energy 
range of from seventy-five per cent of the force of the 
Hiroshima blast to about double that force Tins, then, is 
the power range wth which the world is most familiar 
The government, however, has announced that we pos- 
sess bombs many times more powerful than those used 
in World War II It has also announced that w'e ha\e 
bombs somewhat less powerful tlian those used m Hiro- 
shima and Nagasaki An atomic explosion, however, no 
matter how small in power, is a big one when compared 
with more conventional types 

5 It is well known tliat tlie United States xs developing 
a variety of atomic weapons designed to meet a wide 
range of target situations Tlie government has said that 
we are working tow ard the day when we will have atomic 
weapons in almost as complete a variety as we have con 
ventional ones, that is, m die form of artillery shells, 
guided missiles, naval weapons, very large bombs for use 
against big targets, and smaller bombs for use against 
smaller targets It is our objective to have on band suffi- 
cient strategic weapons to destroy completely an aggres- 
sors industrial capability to make war, plus enough for 
tactical use to stop in the field any aggressive move he 
might make 

6 In our efforts to develop a variety of weapons, vve 
have since 1951 had thirty-one weapons tests at Nevada 
and at least six at Emvvetok involvmg devices of varying 
destructive power It has become known that m the senes 
in Nevada this spring one of the weapons tested was an 
atomic shell for an artillery piece 

7 As to our progress m achievmg the stockpile vve 
need, it is known that our current reserve is sufficiently 
large for the government to begin talking about diverting 
some fissionable material to such peaceful use as the de- 
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\ elopment of power-producing reactors As we have seen, 
however, the Atomic Energy Commission is currently en- 
gaged m a huge expansion program, a fact which clearly 
suggests the stockpile is still not as large as we would like 
it to be The government has made it plain that comple- 
tion of these expanded facilities on a very high prionty 
schedule will enable us to meet our minimum mihtary 
stockpile requirements four jears sooner than would oth- 
er\vise be the case 

8 It has been announced that two tests m connection 
With the development of the H-bomb have been held, and 
that progress has been sufficient for the government to say 
that "we have entered another stage in the world-shakmg 
development of atomic energy ” 

9 Soviet Russia, our hostile competitor, is also m tlie 
business of manufacturmg atomic weapons, and has been 
Since 1949 This does constitute a threat Although we ob- 
viously hold a substantial lead over the Soviets, this is 
hardly an effective means of preventing them from ac- 
cumulating enough bombs to deliver a knockout blow 
against us It is true that the Russians have held but three 
tests at this writing, but this should not be a cause for 
complacency Whereas such a small amount of test ac- 
tivity might well indicate a lack of \ ariety, it can hardly 
he taken as an indication of a lack of quantity, for tests 
are a necessary part of developmental rather than produc- 
tion activity 

10 As the atomic stockpiles on both sides of the Iron 
Curtam contmue to grow, leadership m the fields of 
atomic defense and delivery plays an mcreasmgly impor- 
tant part m the w orld distribution of atomic power 

11 Taking world progress in atomic weapons manu- 
facture and development into account, it is no longer 
realistic to thmk of such weapons as something so rare 
and expensive that they will necessarily have to be ex- 
pended one at a time, or that their explosive power will 
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bear some fixed relationship to the bombs \\c have known 
m the past Atomic weapons arc absolute ^scapons, 
whether the target is a supply dump, a regiment, or a 
whole nation Tlic only realistic x\ay to plan our defenses, 
therefore, including civil defense, is to assume that atomic 
weapons, if used against us at all, wiJJ be used in sufficient 
quantity and size to destroy thoroughly whate\cr target 
they are aimed at Tlic effects uould probably be of the 
same as tliose resulting from the blasts at Hiroshima 
and Nagasaki, but the degree might well be vastly dif 
ferent 

Wlnt docs all this mean to you as nn Amcncan citizen? 
\Vliat should be the program for survival for you and for 
our country m this ago of atomic weapons? My proposal 
would include these points 

1 WhcUicr you are a statesman or nn ordinary citizen, 
you can work for and support the efforts bemg made to 
bring a real and stable peace to the world through the 
settlement of the differences now existing between nations 
and the reduction and international control of armaments 

2 In the absence of a real mlemational settlement, you 
can support and work on behalf of this country’s effort 
to reach as soon as possible its minimum military require- 
ments for atomic weapons and the means of delivering 
them The purpose of our weapons now, and their purpose 
m the future, is to deter war and aggression If we can 
have on hand enough weapons to destroy an aggressor’s 
mdustrial ability to make war, and to knock out his in- 
vading forces m the field, we will have done much to ease 
the tlueat of war by makmg aggression so unprofitable 
that no prudent government would attempt it With a 
stockpile of weapons for strategic use we can deter a di- 
rect attack on our homeland, and with a stockpile of weap- 
ons for tactical use we can help deter such adventurous 
excursions as have taken place in recent years along the 
borders of the free and slave worlds 
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3 You can ^\o^k for and support the efforts being made 
to strengthen the air defense of our country, including 
such thmgs as radar screens, interceptor aircraft, and mis- 
siles, and— of great importance— civilian ground obser\cr 
stations Tlie more difficult we make it for an enemy to 
get through to his target with enough bombs to make 
the attack worth while, the larger will be the force he 
must launch, and the smaller will be the chance he will 
launch it 

4 You can work for and support the efforts being made 
to give this country a strong civil-defense program A good 
civil-defense program means fewer casualties, perhaps 
fifty per cent fewer, and less property damage in case of 
attack The more damage and casualties are minimized, 
the harder it becomes for the enemy to hunch a knock- 
out blow, and the smaller is the chance he will attempt to 
launch it A good civil-defense program is a vital part 
of our national strategic planning, even if it never has to 
be used m an emergency By participating m your local 
civil-defense activity, you may not only be increasing the 
chances of yourself and your loved ones to survive in case 
of an attack, you may also be helping to prevent the at- 
tack from occurring in the first place Rest assured, your 
efforts are being considered m the calculations of those 
who would do us harm The hunter does not w ant merely 
to wound the lion, for his own safety’s sake he wants to 
kill it With one blow So it would be m an all-out atomic 
war, our adversary will want to kill us, not merely wound 
us, and the harder you make it for him to accomplish this, 
the smaller is the chance he will attack at all 

There is a sign I have seen along many highways in our 
country It reads “Drive carefully, the life you save may 
be your own ” This is good advice, and we might all take 
It— ourselves, our allies, and our potential enemies— and 
apply It to the atomic age ‘Think carefully, act wisely, 
the life you save may be your o%vn ” 
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The Militm y and the Atom 


Ticc ATO^^c Eneucy CoM^^ssTO^• is a civilian organiza 
tion The law creating it was written that way, and I, for 
one, hope that, m this respect at least, it will never be re- 
written If, however, tlie mihtary establisliment is to be 
trained m the use of atomic weapons, and if \\ c are to 
achieve atomic readiness, there must be the closest pos- 
sible relationship between the military and the Commis 
Sion In this chapter I will indicate how this relabonship 
IS achieved, and how it might be improved in some re- 
spects To do this IS to raise questions that go beyond the 
military s role in the atomic energy program and touch 
upon our total national secunty 

Top Russian mihtary strategists caimot help but have 
a fairly accurate notion of our atomic weapon strengtli 
In my opmion this has been sufiBcient to deter them from 
any full-scale aggressions which they may have planned 
for the contments of Europe and Asia It follows that if we 
would contmue to deter them we must remam strong It 
does not follow, however, that we need match them 
twenty to one, or ten to one, or even one to one, m atomic 
bombs forever— certamly not if deterrence is our primary 
objective, as indeed it should be Simply staying ahead” 
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of the Russians, or even “far ahead” of them, is not the 
goal The \\ capons goal for the United States should be a 
sizable stockpile, no matter what the Russian stockpile 
maybe Deterrence is accomplished ^\hen a sizable num- 
ber is reached, for “sizable” means that point where an 
enemy, calculating the risk of retalntion, says to himself 
“No matter how many atomic bombs I may be able to 
dehver on the cities and on the industrial and militar)' 
targets of the United Stales and its allies, I simply cannot 
afford to take the punishment which retaliation by the 
United States would bring” 

The Russian military and pohtical leaders no doubt 
made this calculation several times in the days prior to 
1949, that IS, before the) had an) bombs, and concluded 
that they could not take the retaliation which all-out ag- 
gression ^\ouId bring upon them In the days since then, 
with a few bombs, they have obviously reached the same 
conclusion Can they reach any other conclusion five or 
ten years from now? It is unlikely For if we assume that 
the capacity to dehver bombs on targets bears some fixed 
relationship to the growth of the stockpile, the potential 
retaliation becomes increasincly unbearable to contem- 
plate 

If deterrence of an all-out Soviet attack has been accom- 
plished, let us say with hundreds or a few thousand bombs 
(enough to obliterate virtually every city and industrnl 
center m the USSR), just how much greater is the de- 
terrence accomplished by a stockpile of hundreds of thou- 
sands of atomic bombs? I venture to suggest that if one 
IS to argue for stockpiles of this size, he cannot do so on 
c ground that he simply xvishes to deter a wholesale 
aggression 

What other considerations are there, then, that dictate 
e ultimate size of a stockpile or the rate at which we 
a d to such a stockpile? When we say that someone has 
cen deterred we assume Riat he has made a hard, 
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shrewd, calcuhtcd estimate of the risk and eoneludcd that 
the risk isn’t uorth the candle Russian mihtar)’ and po- 
litical leaders ha\c generally been careful measurers of 
risk But let us suppose that an incident or an entire chain 
of now unforeseeable incidents should suddenly shape up 
m such a way as to bring on an all out war Let us suppose, 
for c\ample, tint a Russian Hitler should come to a posi- 
tion of great power— a man emotionally unbalanced, a 
moodv, cgocentnc man with a mad impulse to take his 
country into a world war Let us assume that he cannot 
be restrained by Iiis more reasoning associates This has 
happened before and it can happen again Such people 
are not deterred In this connection the words of Davad 
Dallin arc sobenng 

‘A stage IS being rapidly reached m developments 
where only a broad retreat from global positions can save 
Russia and the world from unparalleled catastrophe The 
Soviet government, however, has maneuvered itself mto 
a position of artificial and inflated prestige from which 
there is no backing down williout great losses and without 
a cnsis on the home front History teaches— and it is a sad 
lesson— that tensions of such magnitude are seldom re- 
solved by peaceful means ” 

Should such a situation as we have envisaged come 
about, what kmd of a stockpile should we have m our pos- 
session? We should clearly have a sufficient number to 
smash the aggressor hard and fast first at those points 
which offer the greatest threat to attack upon our home- 
land and the homelands of our alhes, next, if need be, at 
those points in his mdustnal heart from which he must 
draw his power to strike later In the event of all-out 
atomic war the goal is simple— to end the conflict deci- 
sively and speedily Any other concept would be unthink- 
able Any plan which assumes prolonged periods of strife— 
periods m which one power will have months and years 
in which to organize such large transoceamc logistic feats 
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as ciiaractenzed War I and ‘N\^orld \^^ar II— inal.es 

no sense at all To think of some m)thical MobiLzation 
Daj when plants now m stand-b) will be reactivated, or 
plants producing civahan goods wall conv ert their assembl) 
lines to items of war while atomic bombs ram about them, 
IS utterly unrealistic 

In the event of another world war there wall be httle or 
no time for such scramblmg about as has marked pre- 
vious M-da}s We must be ready if war should come— not 
read} to get ready Nev er again wail this countrv hav e the 
luxur} , if that it be, of tw o or three } ears m w hich to build 
from the utter w eakness of a Pearl Harbor da} to the ov er- 
powenng strength of an armistice day Never agam ^^e 
shall have to fight wath what we have at the outbreak of 
war 

Recognizmg this, the United States has wathm the past 
few }ears planned for, and to a considerable e'^tent actu- 
ally built up its mihtar} strength for, such an eventuah^ 
The heav} impact of this buJd-up wall remain wath us for 
several years to come And so wall the atomic energy seg- 
ment of it 

Durmg the past two years the annual federal budget 
has growai from 44 to 85 billion dollars, and the amount 
spent each year on atomic energ}' has mcreased from 
900 milhon to 1,800 milhon dollars As evadence of the 
further projected growth of the atomic energy program, 
the Congress m the past two years has appropriated over 
five bilhon dollars to the Commission, of which about 
three bilhon is for use in getting a new expansion under 
way 

Such dollar expenditures as these grow in large part out 
of mihtary requirements It is important that we under- 
stand how these requirements are amv ed at and what the 
civilian representativ es in the government do or do not do 
with respect to ev aluatmg them and implementmg them 

The fact that vve are putting a great effort mto gettmg 
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ready for a war, if it should come, before and not after it 
hits us, has nfscci tlic mihtaiy establishment to a position 
of peacetime power and prominence which in other times 
it enjoyed only during a wxr Tlie military today is neccs- 
san!\ in\oI\cd in practically cverj phase of our internal 
industrial effort It has a direct hand m the manufactunng 
of goods to equip our armed forces And because of the 
various relationships which must be earned on with our 
allies, the mihtar) services have become entangled in vir* 
tuall)’ every phase of our foreign policy It is important 
that the nature of tins increased participation be under- 
stood, and that it be scnouslj examined Let us consider 
it m connection with the mihtar)''s relationship to the 
atomic energy program 

In 1946 when the members of the United States Con 
gress (and they included some very wise men, with some 
very wise consultants) were drafting a statute to create 
an Atomic Energy Commission, one of the basic questions 
they faced was whether such an enterprise should remaui 
in die hands of the military or in tlic hands of civilians 

Tlie Manhattan Engineer Distnct had been a mditaiy 
project It had called upon the best industnal and scien- 
tific talent It liad operated m complete secrecy, and it 
had produced an atomic bomb in an amaangly short tune 
In Ollier words, it had been a success ^Vhy then, change 
the control? Why not leave atomic energy xvitli the Corps 
of Engineers? 

One obvious answer was diat the entire atmosphere had 
changed with the ending of the war Peace and "nor- 
malcy” had returned Scientists who during the war had 
patriotically put up with the frustrations which frequently 
stem from military dommance, w»ould simply not take it 
m years of peace There was a very widely held belief, too, 
that progress m atomic energy research and development 
would be severely restricted if left m mihtary hani, be- 
cause the scientific problems m\olved m a fast-movmg. 
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little-explored field were beyond the scope, the compe- 
tence, and the traditional area of responsibility of the 
military Secretary of War Patterson, for example, told the 
House Mihtary Affairs Committee on October 9, 1945 
“The War Department has taken the mitiative in propos- 
mg that It be divested of the great authority that goes with 
the control of atomic energy, because it recognizes that 
the problems we now face go far beyond the purely mili- 
tary sphere ” On February 14, 1946, in testimony before the 
Special Senate Committee on Atomic Energy he said 
“Contmuation [of control by tlie War Department] is not 
calculated to advance fully the research and development 
of peacetime uses of atomic energy ” 

A group of seventeen organizations mcludmg the Fed- 
eration of Atomic Scientists issued the follo^vmg state- 
ment “Civilian control is essential to scientific progress 
You cannot order discoveries at the rate of so many per 
month An atmosphere of free exploration, of unfettered 
research, of freely exchanged scientific knowledge is the 
pnme requisite for scientific advancement ” 

There was also the belief that permanent military con- 
trol of atomic energy would not be m keeping with the 
traditions of American democracy, which provide that 
important policy-making functions should be in the hands 
of civihan authorities In fact, as Alfred Friendly of the 
^Vashingfon Post, who had followed closely the various 
legislative proposals for atomic energy control, observed 
*The most confusing aspect of Hie controversy now ragmg 
over civihan versus military control of atomic energy is 
the fact that all the disputants say they favor civilian 
control " r / / 

When the Atomic Energy Act of 1946 ( the McMahon 
Act) was adopted, it incorporated two widely accepted 

3S1C premises first, that atomic energy should be under 
civihan control, and second, that there should be adequate 
opportunity for the military to follow closely and partici- 
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pate in those phases of atomic energy development having 
to do with military' applications 

Under the law it is clearly the business of the military 
establishment to tell the Commission the military charac 
tenstics of the ^vcapo^s it desires, and, correspondingly, 
it IS the responsibility of the Commission to develop weap 
ons with such characteristics It is also clearly the business 
of the military to recommend to tlic civilian Secretary of 
Defense and to the Commission, to the Bureau of the 
Budget, and the Congress the number of weapons it needs 
in order adequately to defend the United Stales in the 
event of war But it can only be, and should be, a “rccom* 
mcndation” that the Defense Department makes— not a 
requirement which can never be questioned It then be- 
comes the business of vanous civihan agencies to weigh 
these recommendations 

Military leaders of stature have been the first to rec- 
ognize this division of autlionly and rcsponsibihty Gen- 
eral Bradley, for example, in testifying in behalf of in- 
creased expansion for atomic energy on June 16, 1952, 
before the Appropriations Subcommittee of the House of 
Representatives, slated " As I have said to many 
committees up here, we recommend what we thmk is 
needed from the military pomt of view You people and 
others are better qualified to know and to have the facts 
on the effect of this spending than we are We can only 
make a recommendation We are your mihtary advisers 
We recommend certam thmgs If you do not want to fol- 
low the recommendation, because of other reasons, we un- 
derstand that We do not want this country to spend it- 
self into bankruptcy, either We are citizens We reahze 
it would be just as bad to lose our freedom by default as 
it would be to lose it some other way ” 

But let us return later to this broad question of civihan 
responsibility for total national security, and examme now 
for a moment the extent to which the military has tended 
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to concern itself with the detailed business of the civilian 
Commission 

Once a mihtaiy recommendation regarding weapons 
has been approved by the Secretary of Defense and the 
President, it is usually stated m terms of so many bombs 
of certain types by certain dates Tlie Commission then 
goes to ^\ork to do the job The production schedules which 
result are frequently tight, sometimes back-breaking They 
involve all sorts of juggling of assignments within our own 
program They involve hundreds of delicate readjust- 
ments Too frequently, m the midst of all this, we find 
the military suggesting not simply what the Commission 
should do but also how it should be done Tins the Com- 
mission has resisted 

The internal operation of atomic energy laboratories, 
how ore is obtained, the price paid for it, the countries from 
which it it should be purchased, the process by which it 
should be extracted— these clearly are the responsibilities 
of the Commission Any desire on the part of the mihtary 
to control what is legally and properly under civilian con- 
trol does violence to the concepts of such military states- 
men as General Bradley, who has said 

[The Defense budget] is not in reality a military 
budget, it IS a civilian budget Civilians are in charge In 
the Defense Department, the budget is controlled and fi- 
nally approved, not by the Joint Chiefs of Staff but by the 
four civilian secretaries In the While House, it is carefully 
reviewed and inspected, and even changed, by an all- 
civihan Bureau of the Budget After it goes to Congress, 
the budget undergoes careful examination by the appro- 
priations committees of the House and Senate This would 
not appear to me to be dangerous military control over the 
s are of the Government's money which is being expended 
or defense, nor a dangerous ‘military mfluence’ on our eco- 
nomic life 

In our mtemational negotiations, some of our great de- 
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cisions are innucnccd by rccommcndahons of die Joint 
Cliiefs of Staff— our four top militar)' leaders But this de 
pcndcncc on military counsel is not of die soldiers’ choos 
ing All the military men I know believe profoundly in 
civilian control and look to civilian fcadcrship in national 
and inlcmational affairs 

"But in intcnntionil affairs, just as in matters of the de 
fensc budget, civilians make the final decisions " * 

If we depart from this concept, we shall be in trouble 
If difficulties arise, they wil! come from people— cmlian 
and military— who do not wish to take literally what Gen- 
eral Bradley says 

So far as the Commission is concerned, the task of get- 
ting along w ilh the military m the day-to-day relationships 
is fairly easy, although it is sometimes bothersome At the 
w'orking level in the laboratories and m the field— where 
die technical military men mb shoulders with the Com- 
mission’s scientists and engineers, where the man who is 
m trainmg to pilot a bomber meets the man who invented 
the bomb— there is today, and there should always be, the 
closest possible relationslup But m the process of getting 
die ore to feed the Commission’s plants, in the operation 
of reactors to make plutonium, in the management of re- 
search laboratones to get the best possible results from 
the scientists and engineers, it is clear that the Commis- 
sion can meet the schedules best and represent the Amer- 
ican people best without military mterference Once tlie 
tailor has taken the measurements for the smt and the 
cloth has been selected, he simply cannot take tune out, 
if he IS to get on with the job, to answer inquiries about 
the size of the needle, the strength of the thread, the bone 
from which the buttons come 

Even where the mihtary services have been unable to 
make up their mmds precisely as to the characteristic of a 

• ShoiJd We Fear the Militaiy? by Gen Omar Bradley, Look 
Magazine March 11, 1952 



The Military and the Atom 139 

certain type of weapon, the Commission’s scientists, in the 
interest of saving time, have gone on with their inventing, 
improving, testing, and manufacturing, and the military 
services have almost invariably been pleased with the re- 
sult The \\eapons steadily get better There are more of 
them and more varieties of them than ever before It is a 
record of which the Commission can be, and is, proud 
But the relationship between the mihtary and the atom 
IS much broader than the day-to day conferences between 
the military services and the Commission concerning the 
characteristics and performance of weapons The broader 
question has to do with how the civilian elements in our 
government, both executive and legislative, can adequately 
appraise the total national security picture~of which 
atomic energy is a key part— and bow they can analyze the 
assumptions behind military planning Tins is not a )ob for 
the Atomic Energy Commission alone, even m the field of 
atomic energy The Commission does not even have access 
to current war plans This is a task for the civilian heads of 
the Department of Defense, for tlie Bureau of the Budget, 
the National Security Council, the President, and the 
Congress 

Withm the executive branch of the government, the 
t^vo agencies exercismg the most responsibility m the field 
of national securit) are the Jomt Chiefs of Staff, who origi- 
nate recommendations for miblary planning and opera- 
tions, on the one hand, and the National Security Council, 
the civilian review board, on the other A bnef examma- 
tion of the roles of these two will be instructive 

Top mihtary planning is the responsibihty of the Jomt 
Chiefs of Staff, which is composed of the Chief of each of 
the three services— the Army, the Navy, and the Air Force 
—plus a non-voting chairman One of their functions is to 
P an for the use of atomic weapons in the event of war 

he Chiefs today are rather isolated from the Atomic En- 
ergy Commission, and, for that matter, from most civilian 
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professional men such ns scientists, businessmen, and those 
concerned mill liuman relations Tins nould not be so bad 
if their planning were simply concerned uith military ma- 
neuvers, but it isn’t Today, when so much of the Jomt 
Chiefs’ planning has to do with defense mobilization, and 
tlicrcforc intrudes into every segment of our economy, 
tlicir isolation is unfortunate Their role, as respects the 
Secretary of Defense, is also complicated by tlic fact that 
they report directly both to the President and the Secre- 
tary of Defense, rather tlian to tlie Secretary and through 
him to the civilian Commander in Cliicf 

Tlic Commission frequently receives a Jomt Chiefs’ ‘'re- 
quirement, * as it IS called, for a particular weapon or fam 
ily of weapons, or a new reactor to produce a certam 
material, or a new production site, without any pnor con- 
sultation between the Chiefs and the Commission This 
15 wrong Proper liaison between tlic Commission and 
the Joint Chiefs is lacking It is really not furnished by tlie 
Mihtary Liaison Committee, which was set up in the 
Atomic Energy Act (as described in Chapter I) and which 
has as its membership two Annj generals, two Air Force 
generals, two admirals, and a civilian cliairman This Com- 
mittee was to function as the mihtary watchdog of the 
newly created civilian Commission What is needed today, 
however, is not watchdogging, but tlie unpluggmg of the 
channels of communication between the two agencies 
Jomt consultation at early stages could prevent many a 
questionable requirement” from being frozen at the Jomt 
Chiefs’ level 

Until the respective roles of the Jomt Chiefs, of the m- 
dividual service Chiefs, of the civilian service Secretanes 
and the Secretary of Defense, are clearly defined and ar- 
ranged into smgle channels of command, and until there is 
a mechanism for the mjeebon of the civilian pomt of view 
mto the plannmg of the Qiiefs before it is crystallized, tlie 
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country must look to the National Security Council for 
comprehensive evaluation of the defense programs 
The National Security Council is an agency little known 
to the average American, and yet there are many who be- 
lieve that it IS the most important agency of our govern- 
ment today Its function, according to the statute which 
created it in 1947, is "to advise the President of the United 
States With respect to the integration of domestic, foreign 
and military policies relating to the national security ’ Its 
membership consists of the President, the Vice President, 
the Secretary of State, the Secretary of Defense, and the 
Director for Mutual Security In addition, the Secretary of 
the Treasury and the Director of Defense Mobilization 
participate in tlie Councils activities on the invitation of 
the President The Chairman of the Jomt Chiefs and the 
Director of the Central Intelligence Agency attend all 
meetings and are, by law— though not actuaUy members— 
military and intelligence advisers to the Council 
While the Chairman of the Atomic Energy Commission 
IS not a member of the National Security Council, the 
President created in 1950 a Special Committee of the Na- 
tional Security Council, of which the AEC Chairman, the 
Secretary of State, and the Secretary of Defense are mem- 
bers The Committee was set up to advise the National 
Security Council The Council, in turn, advises the Presi- 
dent on atomic energy matters affecting the three agen- 
cies As an example of its role, this Committee has at- 
tempted to analyze the large expansion programs in which 
the Commission has recently engaged It has been a use- 
ful committee, for it has provided at least some civilian 
control on important questions, rather than simply the ap- 
pearance of civilian control But to achieve to the fullest 
the dual objective of civilian control and military readi- 
ness will require the best thinking of our best brains, the 
patience of Job, and the imderstandmg of each civilian 



142 Jicport on the Atom 

nnd militai}' segment of our government of the problems 
and responsibilities of the other segments 
Perhaps it is in order to suggest that there are instances 
m our present program where some real progress m imli- 
tar^^-civilnn co-opcralion has been achieved Take the 
Joint Task Forces, for example, which are established to 
conduct the weapons tests at Emwetok Tlicse Task Forces 
arc established jointly h) the Department of Defense and 
tlic Atomic Energ)' Commission The two agencies agree, 
and they have alu aj s done so with no difficult} , on a Task 
Force commander He may be an Army general, or a Navy 
admiral, or an Air Force general Members of his staff are 
made up of civilians from tlic Commission and representa- 
tives of one or more of the services Tlic responsibility for 
tlio various phases of tlic operation are divided into van- 
ous compartments, and, here again, military men and 
civilian participants work shoulder to shoulder In several 
instances the civilian deputy commander of the Task Force 
has had officers of the three scrv ices reporting to him 
As always, where men of competence are imbued with 
tlie importance of the mission, tliey somehow see to it that 
they work smoothi} together There has been virtually no 
trace of interservice rivalry or conflict between the civilian 
and the mihtary personnel m these Joint Task Force oper- 
ations The operations are compheated and there could 
very readily be conflicts, but everyone seems anxious to 
get the job done and not to let jurisdictional conflicts in- 
terfere The Air Force contingent, which is responsible for, 
among other things, the aerial observation of the test, m- 
cludmg cloud sampling by aircraft, must gear its work 
closely with the Navy ships engaged m supply operations 
and secunty patrol, and with the various contmgents of 
the Army responsible for certam logistic and mihtary 
phases of the operation Much the same thmg apphes at 
the Nevada test site, where the Test Director has always 
been a member of the staff of tlie Commission 



The Military and the Atom i43 

But the testing of weapons is an example of technical and 
administrative co-operation Tlie mam problem, and one 
\vith which every American should be concerned, is the 
lack of real co-operation— under the present system— be- 
hveen the mihtary and civilian authorities of tlie govern- 
ment m the development of national defense policy What 
is needed is a basic rearrangement of the Imes of com- 
mand, the assignment of responsibility, and the mechanics 
of liaison Atomic energy is but one example of the inade- 
quacy of tlie present arrangement There are others, and 
they are just as vitally connected with the general welfare 
of the nation If we are to continue to survive the strains 
and stresses of the cold war and the preparedness program, 
these fundamental faults in the present system must be 
corrected all along the Ime 
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pROBADL'i the most widely discussed subject m atomic en- 
ergy, after ‘‘the bomb,” is something we have come to call 
“atomic power ” Tlierc is ample reason wh) this should be 
true, for of all the potential peaceful uses of the atom, the 
production of useful power is the one with the brightest 
promise of early, large-scale reahzation It is important, 
tlierefore, that we understand exactly what we are talking 
about when we use tlie phrase “atomic power ” 

Although the terminology that has grown up m the still 
new field of atomic energy is subject to varying interpreta- 
tions, the words ’ atomic power,” when used in connection 
with the peaceful utilization of the atom, generally mean 
but one thmg heat Most of the energy released in a con- 
trolled nuclear chain reaction appears in die form of heal, 
just as the energy in, say, a coal fire, which is a chemical 
cham reaction, also appears in this form In other words, 
the phrase “atomic power is used in much the same way 
as “coal power” or 'oil power”, that is, the atom is the fuel 
and not something that is sent out over a transmission Ime 
Atomic power is not, dierefore, hke electricity, although it 
can, hke coal power, be used to produce electricity, just 
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as it can be used to do most of tlie otlier things tint large 
quantities of heat can do 

In a sense, it ^\ould be entirely correct to desenbe a 
controlled nuclear chain reaction as a nuclear “fire” in 


\\hich atomic “fuels” (called fissionable matenils) are 
“burned” (fissioned) to produce heat for useful purposes 
As m the case of a chemical fire, “ashes’ (called fission 
products) are left over after the nuclear fire has been ex- 
tinguished 




Although a nuclear fire resembles a chemical fire in tliat 
beat IS produced and ashes remain, that is about the end 
of the sunilanty Furtliermore, there are a number of stnh- 
ing differences 


1 The quantity of heat produced per unit u eight of 
^ifuel IS vastly greater m a nuclear fire tlian in a chemical 

For example, one pound of the atomic fuel, uxanium- 
•* ^ burned m a nuclear way, will release 2,600,000 

* ^ times the amount of heat produced from burning a pound 
‘ I of coal This, of course, is the great appeal of atomic 
*- .|power, and the one smgle fact that makes the whole diffi- 
^ult game worth the candle 

2 Whereas, for all practical purposes, a chemical fire 
“^^can exist only m an atmosphere m which oxjgen is pres- 
" ent, a nuclear fire can exist only m an atmosphere made up 

of bilhons upon bilhons of the incredibly small, mvisible 
atomic fragments called neutrons A nuclear fire, there- 
yfore, “feeds” on neutrons But neutrons not only cause 


atoms to fission, they themselves are produced by the fis- 
sion process Thus a nuclear fire itself creates the means 
‘ by which it is propagated The fire is controlled, tlierefore, 
by controlling the number of neutrons it has access to. 


much as one can control a coal fire by governing the 
amount of air available to it Neutrons are so important to 
atomic energy that some people call the program the neu- 
I tron business” 


3 


Whereas there are many materials on earth (coal. 
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Nvootl, pelrolcum) that can l)c made to burn in a chemical 
\\ay, ihcrc Is only one nahirilly occurring substance that 
can be made to luim m a nuclear way "11113 is the scry 
rare variety of uranium known as "235," which constitutes 
but SON cn tenths of one per cent of the metal uranium as it 
13 found in nature Fortunately for tlic future of atomic 
pow or, there are tw o other naturally occumng substances 
that can bo made into atomic fuels iiraniiim-238 and iho- 
niim, wineb can be changed into "mnammablc" plutonium 
and nranium-233, rcspcctncly This can be done, inter- 
estingly enough, by exposing them oxer a penod of time 
to a dense atmospbcrc of neutrons, such as that created b) 
a nuclear chain reaction m urannim-235 Tims, a nuclear 
fire not only produces the means by which it is propagated, 
it also produces the means by wduch additional supplies of 
atomic fuel can be produced Umnium-5238 and thonum 
arc more than a hundred limes as plentiful in nature as 
iiranuim‘23S, and together with "23£r Uicy constitute the 
fuels of tlic atomic age 

4 A nuclear hro, unlike a chemical fire, is invisible In 
burning, it creates large amounts of invisible nuclear radi 
ations, similar to X rays, whicli are dangerous to humans 
and damaging to certain types of materials For this rea 
son, as we have seen, a nuclear fire must be surrounded 
by a thick shield of lead or concrete or water to seal m 
this dangerous radioactivity In addition, the ashes left 
over from a nuclear fire remain ‘liot” in a radioactive sense 
for very long periods of time and must therefore be han- 
dled with the utmost care 

5 Unlike a chemical fire, a nuclear 51*6 cannot be ig 
nited until a certain mmimum amount of fuel, called a 
'‘critical mass,” has been assembled Below this amount, 
not enough neutrons are produced by fissioning atoms to 
make the fuel bum Above this amount, however, the fuel 
reacts spontaneously 

It will be recalled from Chapter III that the devices in 
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\^hich atomic fuels are burned arc called nuclear reactors 
Since many people are accustomed to tlnnVing of a nu- 
clear reaction in terms of a fire, they are also frequentl) 
called ‘atomic furnaces** Sometimes reactors are called 
“piles,** because the first reactors to be built were hterall) 
piles of uranium and graphite 
There are about as many lands of nuclear reactors as 
there are coal, gas, and oil furnaces Some are compact, 
wnth fuel receptacles no bigger than a football, while oth- 
ers are as large as a house Some are operated at high 
pow er levels, some at low Some use high«grade fuel, some 
use low-grade Tlie fuel of some is in the form of sohd bars 
or rods, while others use fuel m the form of hquid solu- 
tions 

The land of reactor one chooses to build depends 
largely upon what one wishes to do with it If the objec- 
tive IS to produce a dense atmosphere of neutrons to 
change uraiuum-238 mto plutonium, that is one thing, if 
the objective is to develop a compact, high-powered en- 
gme for a submarine, tliat is quite another But whatever 
hmd of reactor one wishes to build, there are certam basic 
elements that must go into it if it is to be anj^ more than 
a very low-powered research device 

1 Fissionable fuel, whether it be high-grade or low- 
grade, hquid or sohd 

2 A shield to seal m the lethal radiations produced by 
the reaction This is usually lead or concrete, or both 

3 A means of controlhng the reaction, that is, a means 
of starting it, stopping it, and of keeping it at just the de- 
sired level while it is gomg on This is generally accom- 
plished by means of rods made of some neutron-absorbmg 
material such as cadmium The fire can be controlled by 
mov mg these rods in and out of the atomic furnace When 
the) arc pulled out, the rcachon speeds up, when they are 
pushed all the w a) m, the reachon stops 

4 A means of conducting awaj from the reactor the 
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hc'it that is pToducwl by llic reiclion If this \\crc not 
donc» the reactor parts would mcU, or, If exposed to air, 
Ignite chemically Ilcat can be removed h> circulating air, 
water, liquid metal, or gas through the reactor In an 
atomic power plant it is this heat lint must be tal»cn out 
.and pul to \\ ork One obvious wa) of utihrjng the heat is 
to make stc.am which In turn can lie used to perform such 
productive work as generating electricity or fuming the 
screws of a ship 

5 A means of slowing down the neutrons uhich feed 
the reaction Neutrons lca\c a splitting atom at speeds of 
thousands of itulcs per second, and most reactors use a 
material, known as a “moderator,” to slow these neutrons 
doAvn WTicn a moderator is used, it is incorporated in the 
very heart of the reactor along walli tlic fuel Some of the 
best of these decelerating malenals are graphite, heavy 
water, and beryllium Ordinary u-atcr is &o effective m 
some instances ^Vhcthe^ a reactor needs a moderator or 
not depends upon die punty of its fuel If normal uranium 
(less than one-per*ccnt fissionable material) is used, a 
moderator is always required If ennehed uranium (m 
which the proportion of fissionable U-235 has been in- 
creased) IS used, less moderator is required If pure fission- 
able material is used, no moderator is required * 

I have heard some people say, upon hivmg a reactor 
desenbed to them ‘ If that is all there is to this atomic 
power business, why don’t we )ust build ourselves some 
of these atomic furnaces, stoke diem up good with atomic 
fuel, throw in a pailful or two of heavy v-rater, and let 
them go to work for us?” 

This IS, of course, an obvious question, but it implies 

* As Uip e staleraents suggest the relahve absotpbon of slow neu 
trons by U 235 is large as compared with their absorption by non fisrfon 
able malcnal Fast neutrons, on the other hand ate ahsoibed about 
equally by both Thus where boih fissionable and non fissionable mate- 
ndls are present m the fuel fast neolrotu cannot be used because too 
many of them will be absorbed ia the non fissionable material and the 
fission cham reaction will not sustain itself 
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that everything is a little simpler than is actually the case, 
and It Ignores the immense differences between power per 
se, usable pow’er, and economically feasible pow cr 
Every reactor tliat has ever been built has produced 
some powder m the form of heat Tlie world’s first reactor, 
the uranium and graphite pile built by Enrico Fermi m 
Chicago in 1942, reached a top power level of about two 
hundred watts of heat energy ( enough to light two aver- 
age-sized lamps ) for a very short period of time It could 
not be allowed to go any higher, however, and it could not 
even stay at this low level for very long, because it had no 
coolmg system and no shield It was really nothing more 
nor less than a carefully designed experiment to prove 
conclusively that a nuclear cham reaction could be made 
to work To have operated the pile at a higher pow er lev el 
would have meant running the risk of melting the parts or 
of mjunng the people engaged in the experiment Two 
hundred watts was not much power, but it was some, and 
It was real It could not m any sense be called usable 
power, however, because there was no way to take it out 
of the reactor and put it to work 

Smce construction of the first pile at Chicago m 1942, 
the Manhattan Engmeer Distnct and the Atomic Energy 
Commission have budt more than a score of research and 
development reactors, mock-ups, and test assembhes, as 
well as a number of reactors designed for tlie sole pur- 
pose of producing plutomum To gam a feeling for the 
trend of reactor development over the past ten years, it 
^ight be profitable to run down a hst of the projects that 
nave played, or are now playing, a key role m its advance- 

1 CP-2 


Built m 1943, this reactor was a replacement for Fermi s 
rst pile, which was dismantled after its successful opera- 
designation ‘'CP-2’ stands for ‘Chicago Pile 
umber Two ’ Like the first pile, CF-2 uses normal, natu- 
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ml uranium ns fuel, nnd graphite ns the ngent for slowing 
down neutrons Of somewhat higher power level than the 
onginal CP-1 (2,000 walls insteid of 200), CP-2 has a 
shield of lend nnd concrete to seal in the nuclear ndtalion 
it generates Because the 2,000-wilt po\\cr level is solovv, 
not enough licit Is generated to require a cooling system, 
nnd none is used CP-2 is sull operating on its original fuel 
supply at the Argonne National Laboratory' at Chicago It 
is used for research purposes 

2 Oak RUlgc CraphUc Pcactor 

Tins pile, the world's third, was built at Oak Ridge in 
1913 Like the first two, it uses natural uranium fuel, and 
graphite as the neutron moderator Tlic pile was built as a 
pilot plant for the plutonium-producing reactors at Han 
ford It is still m operation as a research and training fa- 
cility and is the source of most of the radioisotopes now be- 
ing sold by the Atomic Energy Commission It is of much 
higher power level than CP-1 and CP-2, and therefore re- 
quires botli a cooling system and a thick shield of lead and 
concrete Tlie power level is about 2,000 kilowatts (2,000,- 
000 watts), and circulating air is used as tbc cooling agent 
The reactor does not warm tlie cooling air to a sufficiently 
high temperature, however, to make possible the produc- 
tion of useful power, even for e^erimental purposes 

3 Hanford Research Reactor 

Very similar to CP-2, this reactor was placed in opera- 
tion in February 1944 to test materials being used m the 
construction of the first plutonium-production piles at 
Hanford It operates at practically zero power 10 watts 

4 Hanford Production Reactors 

The first of these went into service m 1944 The Han- 
ford reactors have been designed for just one purpose to 
produce neutrons from U-235 for changing uranium-238 
into plutonium for bombs Tliey are fueled with natural 
uranium, which contains both tlie uranium-235 fuel and 
tlie uranium-238 that is needed, and they run on neutrons 
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slowed down by gr'iplute The reactors are several stories 
high and contain thousands of blocks of graphite and thou- 
sands of cylinders of uranium (called “slugs”) which are 
removed after months of nuclear cooking so tliat the newly 
created plutonium can be extracted The reactors are 
cooled by purified water from the nearby Columbia Ri\ er 
So much heat is generated tliat a good part of the Colum- 
bia must be pumped through them, and the temperature 
of tlie nver below the Hanford plant is raised by a meas- 
urable amount Not only is power wasted m this way, but 
power must also be used to pump the water through the 
reactors It is therefore a doubly wasteful process 

The trouble with the Hanford reactors, so far as power 
production is concerned, is that the heat produced in them 
IS measured more m terms of quantity than of tempera- 
ture, and high temperature is really what is needed if 
steam is to be made and useful power is to be produced 
efficiently The reactors could no doubt be rigged up to 
produce some usable power, but studies have shown that 
it would be extremely expensive compared with other 
power available in the Northwest Furthermore, power 
production would interfere with the manufacture of plu- 
tonium, something w e could not afford when the reactors 
were built, and still cannot afford 

5 CP-5 

This, the thnd reactor to be built at Chicago, was com- 
pleted m May 1944 It is noteworthy in that it was the 
first reactor m the world to use heavy water in place of 
graphite as a neutron moderator It was built for research 
purposes and to gam experience m the use of this new 
moderating medium The fuel IS in the form of solid bars 
of uranium suspended in a tank contammg the heavy wa- 
ter At first CP-3 used normal, natural uranium as fuel, but 
in 1930 this was replaced with uranium metal m which 
me percentage of U-235 present had been increased from 
0 7 per cent to 15 per cent CP-3 has a power level of 300 
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ral tiranuim ns fuel, and graplillc ns the agent for s1o\nng 
down neutrons Of somcwlnt luglicr power level Uian the 
ongiml CP-1 (2,000 walls instead of 200), CP-2 lias a 
shield of lend nnd concrete (o seal in the nuelcar radiation 
it gcncralcs Because the 2,000'Watt power level is so low, 
not enough heat is generated to require a cooling sjslem, 
and none Is used CP-2 is still operating on its onginal fuel 
supply at the Argonne National Laboratory at Clucago It 
IS used for research purposes 

2 Oah Judge Graphite Jicactor 

Tins pile, the world’s third, was Iniilt at Oak Ridge m 
1913 Like the first two, it uses natural uranium fuel, and 
graphite as tlic neutron moderator The pile was hmlt as a 
pilot plant for tlie plutonium-producing reactors at Han 
ford It IS still in operation as a research and training fa 
cihty nnd is the source of most of the radioisotopes now be- 
ing sold by the Atomic Energy Commission It is of much 
higher power level than CP-1 and CP-2, nnd therefore re- 
quires both a cooling system and a thick shield of lead and 
concrete Tlic power level is about 2,000 kilowatts (2,000,- 
000 watts), and circulating air is used as the cooling agent 
The reactor does not warm the cooling air to a sufficiently 
high temperature, however, to make possible the produc- 
tion of useful power, even for experimental purposes 

3 Hanford Research Reactor 

Very similar to CP-2, this reactor was placed in opera- 
tion m February 1944 to test materials bemg used m the 
construction of the first plutonium production piles at 
Hanford It operates at practically zero power 10 watts 

4 Hanford Production Reactors 

The first of these went into service m 1944 The Han 
ford reactors have been designed for just one purpose to 
produce neutrons from U-235 for changing uranium-238 
into plutonium for bombs They are fueled with natural 
uranium, which contains both the uranium-235 fuel and 
the uranium-238 that is needed, and they run on neutrons 
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lar to the Oak Ridge Graphite Reactor, e\cept that it is 
larger and operates at a much higher power level 30,000 
kilowatts It uses natural uranium as fuel and graphite as 
the neutron moderator The shield is of iron and concrete, 
and the coohng agent is air Tins was the first research re- 
actor to produce enough heat at a sufficiently high tem- 
perature to permit the generation of some usable power, 
but it has never been used for this purpose Tlie cooling 
air leaves the reactor at a temperature of 330“ F hot 
enough to operate a small steam power plant, but not hot 
enough to operate it efficiently Although a power demon- 
stration with this reactor has long been recognized as pos- 
sible, the neghgible research gam that would be made by 
attaching a power plant has never been considered worth 
the cost it would entail m money and interference with 
other research work 

9 '^SwmmtngPooV' 

This reactor was completed at Oak Ridge in 1951 It is a 
very low-power reactor (10 kilowatts) used m shielding 
experiments Its most distinguishing characteristic is that 
it IS suspended m a pool of water twenty feet deep which 
serves as both coohng agent and shield 

10 Experimental Breeder Beactor {EBR) 

Completed m 1951 at the Atomic Energy Commission’s 

Reactor Testing Station in Idaho, this was the first reactor 
in the world to produce power to generate electricity Al- 
though the electricity has been used to hght the laboratory 
and operate its equipment, mcludmg the pumps that cir- 
culate the coohng agent through the reactor, the power 
production experiment is subsidiary to the main purpose 
of the reactor and is carried on for research purposes only 
The mam purpose of the EBK is to investigate the process 
known as “lireedmg ' It will be recalled that the neutrons 
produced by a nuclear fire can be used to change U-238 
into plutonium and thonum mto U-233 The idea of 
breeding is to do this so efficiently that more fuel is ere- 
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kilo\%'atts, nncl !s cooled by circulating the hcavy*\'.atet 
moderator tlirough a licat ctcliangcr 

6 “Water Boiler " 

Tins reactor, located at Los Alamos, was also completed 
m ^^ay 1944 It was the first reactor to use fuel in a liquid 
solution, and also llic first to use enriched, or moderately 
lugli-gndc, uranium in place of natural uranium The fuel 
contained 15 per cent U-235 instead of the normal 07 per 
cent, and was originall) m the form of a uramum com 
pound (uranyl sulphate, later urinjl rntrate) mued witli 
water— a concoction the scientists call '^soup ” As tins liq- 
uid solution becomes hot, it will simmer or boil, whence 
tlic reactors name Tlie Water Boiler, which was used in 
research studies leading to the atomic bomb, was first op- 
erated at a power level of about of a watt, but this 
has since been raised to 45 kilowatts Tlic reactor, which is 
stiU operating, is cooled by water flowing through coils 
that wind tlirough the stainless steel “poC containing the 
reacting solution 

7 “Clementine “ 

TIus reactor, which was in service at Los Alamos from 
1946 to 1953, could claim three important distinctions It 
was the worlds first reactor to use pure fissionable mate- 
rial as fuel, the first to be constructed without tlic use of a 
moderator, and tlie first to use liquid metal as the coolmg 
agent Because it had no moderator it operated on fast 
neutrons, and for this reason was known as a “fast reactor ” 
Its fuel was pure plutonium Clementmp got its interest- 
ing name from the fact that plutonium bore the code des- 
ignation ‘49 ’ during the war, and ' Clementine” is a song 
about ‘ forty-niners ’ Clementine was cooled by curculating 
hquid mercury and operated at the relatively low power 
level of 25 kilowatts 

8 Brodkhaeen Reactor 

This reactor, completed in 1950 as a research facility for 
the Brookhaven National Laboratory, is generally sum- 
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IS to test the feasibility of using fuel, moderator, and cool- 
mg agent m a homogeneous liquid mixture Just as the 
EBR in many ways is a higher-powered model of the fast 
Clementine reactor at Los Alamos, so the HRE is a higher- 
po\\ered model of the Los Alamos Water Boiler Tlie 
power it produces is enough to supply electricity to about 
fifty homes, but, lihe die EBR, it w ould be expensive elec- 
tncity The reactor itself cost $1,000,000 and it took about 
$3,000,000 to develop it 

13 CP-5 

This IS a reactor recently built at the Argonne National 
Laboratory to replace the original heavy-water reictor, 
CP-3, which will have to be dismantled because it is situ- 
ated on land which the government has a contractual obh- 
gation to vacate It wU serve as a research and develop- 
ment unit Of considerably improved design, it will use 
enriched uranium fuel and heavy water as both the mod- 
erator and cooling agent It will not operate at sufficiently 
high temperature to produce power efficiently, but it 
should add to our knowledge of heavy-water reactors as 
possible producers of useful power 

14 Submarine Thermal Reactor ( STR ) 

This IS the land-based prototype of the engme that will 
go mto the first atomic-powered submarme, the U S S 
N autilus, now being built at Groton, Connecticut The pro- 
totype, which recently began operating, is located at the 
Atomic Energy Commission’s Testing Station in Idaho 
The first seagoing model is under construction by the 
Wesbnghouse Corporation at the Commission’s laboratory 
m Pittsburgh, and it is not too far behind the prototype 
For fuel, the STR uses uranium enriched m U-235 in the 
form of solid pieces of metal submerged m a tank of highly 
purified ordinary water that serves as both coolmg agent 
and moderator Tlie heat produced by the reactor will be 
taken out by circulating water to a boiler where steam will 
be produced to operate a turbine to power tlie submarme 
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nted tlinn fs con’nimcd In the proccss-a polcnbal means of 
changing nil llic minablc tiranitnn and Ihonum in the 
world into fissionable fuel Tlic Commission announced m 
June 1953 that breeding had been achieved in the EBIh 

Tlic EBR IS similar to Los Alamos' Clementine m that it 
is fueled with pure fissionable material, has no moderator, 
and uses liquid metal to remove tlic heat produced It dif- 
fers, however, In that it Is many times more powerful, its 
fuel IS urnnium-235 instead of plutonium (altliough it is 
cypcctcd ultimately to run on plutonium just as well), and 
its cooling agents arc potassium and sodium in place of 
mercury Tliesc liquid metals leave tlic EBR at a tempera 
turc of 662“ F, high enough to make steam efficiently The 
steam operates a turbine that in turn drives an electnc 
generator with a capacity of 250 blowatts, or enough to 
supply several blocks of modem homes In ease you would 
hko one on your street, however, I think ) ou should know 
that the EBR cost nearly $3,000,000, exclusive of the cost 
of fuel Tins is an example of usable power, but it is a far 
cry from economically feasible pow cr 

11 Materials TcsUngUeactor {MTR) 

Tins reactor, also located in Idaho, was completed in 
1952 It was built to test the effect of mtense nuclear radi- 
ation on reactor construction materials Tlie fuel it uses is 
“enriched,” or moderately high-grade, uranium, and ordi- 
nary water freed of impurities serves as both the modera- 
tor and coohng agent Tlie MTR normally operates on slow 
neutrons A pilot model of the MTR, called the Low In- 
tensity Testing Reactor, was built at Oak Ridge in 1950 
and IS still in operation 

12 Homogeneous Reactor Experiment (HRE) 

Completed at Oak Ridge in 1952, this reactor early this 

year became the second known reactor m the world to 
produce useful electnc power As in the case of the EBR, 
however, the power experiment is for research purposes 
only and is subsidiary to the reactors mam purpose, which 
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16 Submarine Intermediate Reactor (SIR) 

The prototype of this reactor is being constructed at the 
Knolls Atomic Power Laboratory at Schenectady, New 
York It IS bemg bmlt for the same purpose as the Subma- 
rine Thermal Reactor, although it was started somewhat 
later and will differ from it m several important ways It is 
particularly interestmg m that it will be the first reactor to 
use neutrons of mtermediate speeds The speed of tlie neu- 
trons will be controlled by a new moderatmg material the 
hght metalhc element beryllium The hope is that neutrons 
in the intermediate velocity range will permit the reactor 
to run for longer periods of time without the need to re- 
fuel The Intermediate Reactor will use enriched uranium 
fuel and wll be cooled by liquid sodium All m all, it will 
be a very advanced reactor, but, like the STR, tlie po\ver 
It produces wiU be feasible from a dollar point of view 
only for national secunty purposes 

17 Aircraft Reactor 

The achievement of atomic-powered flight is one of the 
longest-range projects now being worked on m the field 
of atomic energy It is also one of the most difficult and 
expensive Work is nevertheless under way to de\ elop an 
atomic aircraft engine for the Air Force, and a test facility 
is now under construction at the Commission's Reactor 
Testing Station m Idaho The great appeal of tlie aircraft 
reactor, and the characteristic that makes it well worth 
working toward, is the almost unlimited range it promises 
to give our mihtary aircraft One might tliink in terms of 
several trips around the globe without the necessity of re- 
fueling But there are a host of problems not encountered 
m other atomic power applications, and a major one is to 
design a shield that is light enough to be taken aloft and 
™11 at the same time protect the crew from dangerous ra- 
moactivity Shielding usually means lead, and lead is very 
heavy, and obviously m an airplane weight must be held 
to a minimum These problems* will he solved, however, 
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as well as a turbo generator to produce clcctncity The 
word "ibcrmar m Ibc reactor’s name means llmt ibe ncu 
trons feeding the reaction will be slowed down to “iher- 
mal ’ or ver)’ slow speeds 

Tlic STR IS of considerable historical significance, for it 
will be the first practical utilization of atomic power It 
will be useful power m a very real sense It wiU not be 
economically feasible power, but in matters having to do 
witli the national sccunty, economic feasibility is not the 
controlling factor Tlic controlling factor is, instead, mih- 
taiy value, and tlic military value of the atomic submarine 
will be its ability to travel entirely submerged for thou 
sands of miles Tlic power plant of a normal submanne, 
while it IS operating under water, is its storage battenes 
An orthodox submarine can therefore travel underwater 
at high speed for only a \ cry short period before its batter 
ICS need recharging To recharge, the submanne must use 
its diesel engines, and, to use its diesels, winch require ox- 
ygen and produce an exhaust, it most surface \l^ien it is 
on die surface, it is not only a target, it is also no longer a 
submarine Widi an atomic engine, however, which re 
quires no oxygen and which can operate for very long pe- 
riods of time under water witliout refuelmg or recharging, 
tlie vessel lemams a submarine virtually all of the time, 
with its range hmited only by the endurance of the crew 

15 Savannah Rtver Production Reactors 

Like the Hanford Produchon Reactors, these are not de- 
signed to produce usable power Tliey are bemg built, m- 
stead, to produce matenals for use m either A-bombs or 
H-bombs They will neverllieless produce heat m large 
quantities, and will thus help reactor scientists to learn 
more about buildmg reactors for the production of usable 
power Whereas the Hanford reactors use graphite as a 
moderator, these will use heavy water The work at Chi- 
cago on CP-3 and CP-5 was basic to the design of the new 
reactors at Savannah River 
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some cases it amounted to no more than one tenth of a 
\vatt But not one of them produced anything that by tlie 
wildest stretch of the imagination could be called usable 


power 

Then, in 1951 and 1953, there came two reactors, the 
EBR m Idaho and tlie HRE at Oak Ridge, tliat actually 
produced some usable power in experimental quantities 
And now, except for the bomb-material reactors at the 
Savannah River plant, the Commission’s reactor develop- 
ment program is mainly pomted m the direction of devel- 
oping reactors to produce power for a practical military 
purpose propulsion of submarines, aircraft, and ships 
We have progressed, therefore, from the purely research 
phase, through the usable-power-for-expenmental-pur- 
poses phase, to the usable-power-for-practical-purposes 
phase But we have yet to enter the phase where atomic 
power becomes economically feasible, that is, where the 
atom produces usable power for a practical purpose at a 
pnee that can compete with power from coal, oil, or gas 

There is likely to be some diflBculty, as a matter of fact, 


m recognizing when economically feasible atomic power 
IS actually here Obviously what is economically feasible 
or competitive in one part of the world is not necessanly 
competitive in another In some regions, such as the re- 
mote areas of Africa, the South Pacific, or the Arctic, elec- 
power may cost as much as three cents per kilowatt 
hour to produce In certam other places, even in our own 
western United States, power may cost from ten mills to 
two cents per kilowatt hour to produce Even m a city 
such as Chicago production costs may amount to six or 
seven mills per kilowatt hour, and yet m other places, such 
as the Pacific Northwest, where fallmg water is plentiful, 
be as low as 2 5 mills 


\Vhat, then, is really meant by the phrase "economically 
easible power '? If we were to take the Arctic as an ex- 
ample, it might mean somelhmg that was terrifically ex- 
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and wc shall someday see an aiq)lanc powered by a re- 
actor But this wall undoubtedly be sc\eral )cars after the 
sbakcdowTi cmlsc of the first submarine, and it wll cost 
considerably more money 

18 Large Ship Bcactor 

Militar)' interest in nuclear power stems from the high 
concentration of the fuel and the "cleanness” of the heat- 
producing reaction If large surface ships could be pow- 
ered with atomic energy, Uicir range could be enormously 
increased, and the problems of air intake and uptake, 
stacks and stack gases, and procurement and handling of 
bulky, inflammable fuels could be eliminated The Com- 
mission therefore has find an acti\c program for tlie de- 
velopment of a reactor to power a large ship, such as an 
aircraft earner Of all the reactors that have been built or 
arc now under actuc development, tlic Large Ship Re- 
actor wall come closest to what will be needed not only in 
commercial shipping, but also in large, central-station elec- 
tric power plants This is true, of course, because of the 
great quantities of heat tliat will be produced at high tern 
peratures In tius reactor heat will be used to make steam 
to power the ships turbine Development work on the 
Large Ship Reactor has only recently begun, but, if sufB 
cient financial support is forthcoming, progress can be 
made at a steady rate 

A review of dus list of noteworthy reactor projects re- 
veals the trend of reactor development over tlie past dec- 
ade The first reactors were built for the sole purpose of 
findmg out whether or not a nuclear cham reaction could 
be made to work Then came scaled-up versions of these 
first models designed and budt under a high-pnonty pro- 
gram to produce plutonium as rapidly is possible for 
bombs Then came expemnentation with various new 
types built for the purpose of adding to man s knowledge 
of basic reactor-design pnnciples and nuclear physics 

All of these reactors produced power, even though m 
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Poluer • The Peaceful Goal — 
Second Phase 


V> E are today in the beginnings of a period of intensive 
and exciting development xvork m the field of power reac- 
tors, but It IS questionable whether the best results can be 
achieved if the first power reactors are put do\vn in iso- 
lated, high-cost areas remote from existing laboratones 
and scientists The first reactor designed specifically for 
civilian power purposes would very logically bo a pilot, 
rather than a full-scale, plant And if it is to play the most 
useful role possible as a pilot plant, its location should be 
governed not by the cost of competitive fuels but by the 
availability of existing talent m the reactor field— that is, 
the men who xvill design it, build it, operate it, and learn 
from it And if this is true, it will have to be primanly a 
developmental rather than a commercial device 

Smee reactors are still m the developmental stage, they 
are not only more expensive than they will be later on, hut 
are also less efficient and less rehable You can use a costly 
and mefficient plant m a submarine, where the expense is 
outweighed by the mihtary advantage you gam ( the STR 
protot>pe in Idaho cost $20,000,000, exclusive of fuel-an 
expensive engme for a submarine), but the operator of an 
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pensive by New York or Pillsbiirgli standards, and )ct, for 
the Arctic, much cheaper tlian the cost of hauling m lieaNy 
shipments of coal or oil to fuel nn orthodox power plant 
In short, therefore, when we speak of economic feasibility, 
we are speaking of relative, and not absolute, costs, a fact 
which suggests that tlie first reactor to produce usable 
power for a practical civilian purpose should he located in 
an area ^vJicro normal fuel costs arc ]»gh There are some, 
in fact, who say that tlicre are places in the world, and 
even this country, where it would be feasible to do this 
now, today 

Tins might be true, but there are several draw'backs to 
such an approach m tlic year 1933 Inasmuch as a station 
ary reactor designed solely to produce power for a prac- 
tical purpose has never been built, the scientists are not 
at all sure of tlic best design or the most economical size 
A small reactor producing 10,000 kilowatts of electric en- 
ergy might be built today for §10,000,000 and produce 
electricity at fifty mdls per kilowatt hour But a reactor 
costing only six times as much might be expected to pro- 
duce twenty-five times as much electric energy at eight 
mills per kilowatt hour 

No one, of course, knows any of these tilings for certam, 
for the simple reason that no real atomic power plant has 
yet been built and operated Many of our cost calculations 
will depend to a large extent upon what we le<am in the 
immediate future about the construction of power reac- 
tors But units of the size described, and at the cost mdi- 
cated, appear to be feasible and will probably produce 
power at approximately the prices quoted 
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tion-resistant systems that employ such novel heat-trans- 
fer agents as liquid sodium One thing that is worth 
remembenng about these s) stems is that ^^hen they are 
built they are built once and for all Tliere is no climbing 
in and out of the ducts and pipes to fiv up leaks and breaks, 
unless you are willing to nsk getting a lethal dose of radio- 
activity In connection with this heat-transfer problem, it 
IS interesting to note that when the Homogeneous Experi- 
ment at Oak Ridge produced its first electric power, the 
electnc generator turned out 150 kilowatts although the 
reactor was operating at 1,000 kilowatts This is but 15- 
per-cent efficiency, compared with the 30 per cent or 
more of the average coal-buming power plant 
But these problems too will be solved— and, as a matter 
of fact, are being solved— in the effort to produce reactors 
to do a propulsion job for the military A good share of 
the design, development, and research work going into 
these military reactor programs will bear real fruit when 
we sharpen up our pencils, as people are beginning to do 
today, and figure the cost of reactors which would do a job 
for civahan industry The submarine, aircraft, and large 
ship reactor programs are spawning a myriad novel alloys 
and ceramics, designs and techniques that would not have 
seen the light of day for many years had there been no 
strong incentive to build power reactors where cost was 
not of pnmary importance 

Tlie situation today m atomic power is not vastly dif- 
ferent from the situation in the oil industry when the 
first diesel engme went into a submarine The diesel, like 
the reactor, served its first practical purpose in a subma- 
rine As a matter of fact, it made the submarine possible, 
for there was no place for a steam plant in an undersea 
craft But this first diesel was not in the least bit an eco- 
nomically feasible proposition There wasn’t a railway or 
a trucking concern m the world that would have bought 
the first diesel engine Instead, the commercial companies 
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electric generating phnt or a commercial freighter wunls 
tlic most inexpensive, cHicicnt, and reliable source of heat 
he can find 

A commercial power plant, to be economically feasible, 
must not only cost a reasonable figure to build, it must 
also operate at very high temperature levels for very long 
periods of lime without costly repairs, shutdowms, or re- 
placements, and it must convert large quanbtics of heat 
efficiently into usable power 

The problem of gaining very high temperatures and 
bolding them for long periods of time is a particularly 
bothersome and expensive one It mainly involves finding 
and producing quantities of matcnals that can withstand 
both high temperatures and extremely high levels of nu- 
clear radntion As an added difficulty, the matcnals must 
not absorb the neutrons tint feed the reaction Unfortu- 
nately, there are not many milcrials that meet these rigid 
specifications, and to find and produce thorn in quantity 
requires a good deal of time and money For one thing, 
tlic search for new matcnals required construction of the 
$18,000,000 Matcnals Testing Reactor in Idaho Anotlier 
example of the cost involved m this materials problem is 
the metal zirconium Zirconium, which was first produced 
m pure form by the atomic energy project from the same 
material as the soft, diamondhke stone, the zircon, is an 
excellent reactor construction material, meeting all tlie 
rigid specifications But the first zirconium produced cost 
$300 a pound— dollars tliat in all fairness should be 
charged up to the first reactor using the matenal Zirco- 
mum now costs but $15 per pound and the price is still 
falhng— a good example of why the price of a reactor may 
be expected to drop substantially as the technology ad- 
vances 

The problem of extractmg usable power efficiently from 
the heat produced m a reactor is also a difficult and chal- 
lengmg one, xnvolvmg airtight corrosion-resistant, radia- 
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goal IS in sight The principle of atomic power has been 
proved, all that remains is to cut the costs 
This raises some questions Most of all, it raises the 
question whether or not the government monopoly should 
be relaxed to let in private enterprise and gun the advan- 
tages of free competition, or at least a reasonable fac- 
simile of free competition There is a lot that can be said 
for competition when the objective is mainly one of re- 
ducing costs It IS the principle upon which the United 
States has always relied when the goal was to achieve 
greater economy and efficiency, and it has always paid off 
As a result of government dominance during and since 
tbe war, reactors have been developed for the most part 
only by people attached, at one time or another, to the 
programs of the Manhattan Engmeer Distnct or tlie 
Atomic Energy Commission With few excepbons, knowl- 
edge and experience in the reactor field are concentrated 
ID such concerns as General Electnc, Westmghouse, 
Union Carbide, and duPont which, whatever their mo- 
tives, whether patnotic or selfish or both, secured a ‘foot 
vvithin the door” by undertaking reactor development 
contracts with the government 
There are many other concerns, however, which have 
valuable ideas, industnal know-how, and talent to con- 
tribute to this fast-growing technology, and it is note- 
vvorthy commentary on the progress that has been made 
that many of them have approached the Commission and 
^Ked for a chance to share in the knowledge that has 
been developed One way by which they have been given 
^ opportunity to do this is through admittance to the 
ommissions School of Reactor Technology, operated at 
ak Ridge by the Insbtute of Nuclear Studies Of the 263 
people who hav e attended one of the four one-y ear courses 
so far offered by the school, 82 have come from mdustry 
The most significant development to date, hovvev'er, 
occurred m 1951 In that year the Commission, largely 
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w mted until dlcsch Iiad been impro\ cd to the point where 
tlicy W’crc rtasomhly cffieicnt, until they could be bought 
at a reasonable price ofF an assembly line, until fuel proc- 
essing and distribution costs had been stabilized, and 
until the diesel had proved itself to be a reliable and long- 
lived source of power Tlien, and not until then, did the 
diesel go to work m the commercial market So \vill it be 
witli the reactor 

Until now, virtually all research and development in 
the field of reactors hxs been done by the government It 
is quite tnic that the government has earned on its work 
through the medium of contracts vvitli private industnal 
concerns and educational institutions, but the fact still 
remains that the work has been done at government insti- 
gation, at government expense, and, for tJic most part, m 
facilities owned by the government 

Tlus IS not surprising, for several reasons First, under 
tlic Atomic Energy Act of 1946, the government has ex- 
clusive right to own fissionable matcmls, to own all re- 
actors otlier than low'-povvcr research devices, to control 
all atomic energy information tliat isn't freely publishable, 
and to own all patents relating to tlie production and 
utilization of fissionable materials There isn't much room 
here for anyone but the government 

Another reason why government dommance is not sur- 
prising IS the fact tliat the market for reactors has, up to 
now, been purely a government one It is the government, 
not private mdustry, that is in the market for reactors to 
produce weapons materials such as plutonium, and to pro- 
pel submarmes, naval vessels, and bombers Moreover, 
up to now we have been in a phase m reactor develop- 
ment where the costs have been terrifically high, and 
where the pa> off has been over the horizon 

But all this is changing In racmg parlance, it might be 
said that we have rounded the usable power turn and are 
headed mto the economically feasible power stretch Tlie 
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enter the atomic energy field and tlius introduce real 
competition, the government must be prepared to create 
an atmosphere conducive to its entry on 1 risk basis 
This, of course, would mean a rela\abon of the govern- 
ment monopoly , which m turn would mean at least some 
modification of the atomic energy law 
The ultimate need for a change in the law had not 
escaped the Congress when it passed the Atomic Energy 
Act back in 1946 At that time the Congress had very 
wisely assumed that a day would come when econom- 
ically feasible power could be produced from the atom It 
therefore provided in the law that, when that day arrived, 
the Atomic Energy Commission should report this sig- 
nificant event to the President, who m turn should report 
It to the Congress, so that tlie Congress might prepare 
for the new era with appropriate legislation All this was 
considered to be necessary because, under the terms of 
the present law, the Commission would automatically 
own and control any atomic power industry that might 
evolve out of research with reactors The Congress there- 
fore wanted an opportunity to review and possibly change 
this arrangement when the time arrived for an atomic 
power industry to be bom 

The law, however, seemed to contemplate that such a 
time might arrive all at once, hke a new and revolutionary 
discovery of science or the arrival of a comet from outer 
space In Section 7(b) of the Atomic Energy Act of 1946, 
this IS what the Congress said 

‘Whenever m its opinion, any industrial, commercial or 
other non-military use of fissionable material or atomic 
energy has been sufficiently developed to be of practical 
V alue, the Commission shall prepare a report to the Presi- 
dent statmg all the facts with respect to such use, the 
Commissions estimate of the social, political, economic 
and mtemational effects of such use, and the Commis- 
sion’s recommendations for necessary or desirable supple- 
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through the prodding of Charles Tliomas of tlie Monsanto 
Chemical Company, instituted a program whereby indus 
Inal concerns hitherto excluded from tlic reactor de- 
velopment because of the gosemment monopoly, could 
get a real chance to learn Under this arrangement, repre- 
sentatives of eight concerns were paired off into four 
groups (called “Industrial Study Groups”) Tliey were 
then cleared for access to secret information and given 
entree to the Commissions plants and laboratories to 
study at first hand the status of reactor development, with 
a view to evaluating the extent of their own real interest 
m the field and to developing specific proposals for direct 
active participation Because reactors understandably ex- 
cite the special interest of utilities and companies en- 
gaged in chemical engineering work, tlircc of the four 
study groups were composed of one company from each 
of these two categories These were Monsanto (chemi 
cal) and Union Electric (utihty), Dow (chemical) and 
Detroit-Edison (utility), Bechtel (chemical engineering 
and construction, and Pacific Gas and Electnc (utihty) 
Tlic fourth group was composed of Commonwealth-Edi- 
son and Nortliem Ilhnois Electric, botli utilities In 1952 
a fiftli group, composed of Foster Wheeler (construction) 
and Pioneer Service and Engmeenng (chemical engmeer- 
mg) jomed the study program 

In the summer of 1952, following a full year of intensive 
study of the Commission's reactor program, tlie first four 
of tlie industrial study groups submitted their reports The 
reports included proposals to the Commission for further 
study leading to specific goals, and descriptions of the 
types of reactors the participatmg companies tliought 
would best aid development and best help to provide an 
answer to the question of economically feasible power 
The designs and specific steps differed among tlie four 
groups, but it IS significant, I thmk, that none was pes- 
simistic All agreed, however, that if private capital is to 
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that ^\lll stimulate cost-cutting on a competitive basis 
and ) et not be crystallized to the extent that our hands will 
be tied later on What is needed, more than anything, is 
the creation of a climate, both technical and legal, m 
which economically feasible power from tlie atom can be 
realized 

In this period of questions— questions about cost, about 
location, about design, about materials— probably the 
most important of all from the pohey point of view is 
‘Who should do what?” On tlie one hand we have the 
government, which has so far done virtually everytlung, 
and on the other we have private enterprise, which has 
done virtually nothing except under contract to the gov- 
ernment I dunk this situation must change I tliink it 
must change because until now we have been dealmg 
m reactors designed to serve a government purpose, 
whereas from this point forward we shall bo dealmg m 
reactors designed to find a useful place m the national 
and world economies Private enterprise, therefore, must 
be permitted to enter the picture, not only because of the 
contribution that free competition can make to techno- 
logical advancement, cost-cutting, and imaginative new 
apphcations, but also because it is only in a free market 
that the atom can ever demonstrate be}ond doubt that 
it IS economically feasible 

Pnvate enterprise must also be brought m because, if it 
isnt, the rate of technological advancement will be de- 
termined largely by the amount of money available from 
a dollar-conscious, but not alw'ays progress-conscious. 
Congress Also, if prwale enterprise is excluded during 
the forthcoming final development phase, the atomic 
power industry, when it is idtimately bom, may very 
hkely wind up as a government monopoly owned and 
managed by the Atomic Energy Commission or some 
other federal agency This would mean that the talent and 
resources permanently available to tlie industry would be 
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mentnry legislation Tlic President slnll then transmit this 
report to the Congress, together with Ins recommenda- 
tions No license for imniifacturc, producljon, ctport or 
use shall be issued by the Commission under tins section 
until after (1 ) a report with respect to such manufacture, 
production, c>q)ort or use has been filed with the Con- 
gress, and (2) a period of ninety da)s In which the Con- 
gress IS in session has elapsed after tlic report has been so 
filed" 

Although the Congress acted very wisely m anticipat- 
ing that new and spectacular development would result 
from atomic research, and tint new' problems would prob- 
abl) arise requiring an entirely new legislative approach, 
we can see, in retrospect, Uiat there w’as a certain naTvel6 
behind this provision m Uic law It is now fairly clear, I 
thinh, although it wasn’t llicn, that economically feasible 
power from tlic atom wiU not come suddenly, but rather 
will follow the gradual advance of technology 

If we have not yet, however, arrived at ^e day con- 
templated by tlic Congress when w e can say “Now we 
have real atomic power, now we must rewrite tlie law," 
and if we probably will not arrive at that day all at once, 
what should we be doing now to accommodate our poh- 
cies to recent technological progress and to our immediate 
needs for further tcclmological advancement? In other 
words, what should we be domg to accommodate our- 
selves to the existmg situation? It is now too early to at- 
tempt to rewrite the entire existmg law, m my opmion 
For one thing, we are stiU m the developmental phase, 
and we therefore have no way of knowing exactly what 
will ultimately be needed in the way of a new law For 
another, to rewrite the law now might damage our weap- 
ons program, which still should have top priority 

What we need today are policies, including some modi- 
fications m the existing law, that are tailored to fit spe- 
cifically the developmental stage we are now m— pohcies 
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are built This means not simply the fuel for the first load- 
ing, but also the fuel needed for continued operation of 
the plant, at least for the period over which the plant is 
to be amortized Tins, too, means a modification of the 
Atomic Energy Act, which today gives the government 
the exclusive right to own fissionable materials 

3 Industry must also have some assurance that there 
wU be a relaxation of the present Commission regulafaons 
relating to secrecy, so tliat it can gam access to the infor- 
mation it needs to design, build, and operate reactors 
If we are to be really successful in the search for eco- 
nomically feasible power, our whole concept of secrecy 
in the reactor field will have to be radically revised, cither 
through extensive declassification of information on power 
reactors, or by the establishment of a new category of 
secret information which can be widely disseminated to 
American industry but not publicly disclosed When one 
remembers that the Russians already have reactors pro- 
ducing plutonium for bombs, and considers the many 
administrative difficulties of establishing an “industnal se- 
cret ’ category of mformalion, one is almost forced to con- 
clude that there should be a broad declassification of 
reactor information in the interest of speedy progress to- 
ward the goal of economically feasible power 

4 When we pass through the developmental period, m 
which we will be engaged for the next few years, and into 
the period when industry is actually building reactors 
with its o\vn capital, Commission pohey, and possibly the 
law, will have to be revised to give pnvate mvestors the 
right to own patents 

Meanwhile, to help create the technological climate 
needed for further rapid progress, it is quite evident to 
me that the government, through the Atomic Energy 
Commission, must continue to play a significant and lead- 
ing role in reactor development, not only for mihtary pur- 
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controlled by the federal government, and tint the in- 
satiable demands of the militarj* for atomic fuel might 
very likely receive more consideration than they fre- 
quently deserve 

By saying these things I do not mean to enter into the 
pubhe-v crsus-pnv.alc power controversy tint continually 
rages All I mean to say is that a single federal agenc) 
should not remain m a position to owai and control ex- 
clusively the entire atomic power industry that will in- 
evitably develop in this counlr) I would dislike scemg 
a municipally owned utility excluded from owaiing and 
operating a reactor ns much as I would dislike seeing a 
privately owaied utility excluded Tlie rules should be the 
same for everyone, and tlicy should bo rules that are de- 
signed to accommodate anyone who has a desire to enter 
tlie field coupled witli a real contribution to make 

If tlie rules are to be the same for pnv ate industry as 
for die government, however, and if a climate is to be 
created tliat will attract pnv'alc industry into tlio atomic 
power field on a risk basis, certain tiungs must be done 
now In my opinion, they arc these 

1 Today tliere is little point for mdustnal concerns to 
spend substantial sums of money m reactor research and 
design when no way can be seen wliereby they can con- 
struct, own, and operate reactors Industry must tlierefore 
have certam assurances that will encourage it to go much 
further tlian the study-group phase in the expenditure of 
funds Primarily, it must have assurance that tlie govern- 
ment means to permit private capital to build reactors and 
sell the power they produce This means revismg the 
Atomic Energy Act to relax the provisions which now give 
the government the exclusive right to own all reactors 
other tlian low-power, research devices 

2 Industry must have assurance that it can purcliase 
and own fuel with which to charge its reactors when tliey 
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a statement of policy m the atomic po^\ er field \vitli whidi 
I ^vllolehea^tedly agree In essence, it stated tliat 

1 The attainment of economically competitive nu- 
clear power IS a goal of national importance Reactor 
technology has progressed to the point w'hcre realiza- 
tion of this goal seems achievable m the foreseeable 
future if the nation continues to support a strong de- 
velopment effort It would be a major setback to the 
position of this country m the world to allow its pres- 
ent leadership in nuclear power development to pass 
out of its hands 

2 It should be the responsibihty of the Commission 
to continue research and development m this field 
and to promote the construction of experimental re- 
actors which appear to contribute substantially to tlie 
power reactor art and constitute useful contributions 
to the design of economic units 

3 Progress toward economic nuclear power can be 
further advanced through participation m the devel- 
opment program by qualified and mterested groups 
outside the Commission 

4 There is a need for reasonable mcenhves to en- 
courage wider participation in power reactor devel- 
opment Tlicse incentives would include 

A Interim legislation to permit ownership and op- 
eration of nuclear power facilities by groups other 
than the Commission 

u Intenm legislation to permit lease or sale of fis- 
sionable material under safeguards adequate to as- 
sure national security 

c Interim legislation which would permit owners 
of reactors to use and transfer fissionable and by- 
product materials not purchased by tlie Commis- 
sion, subject to regulation by the Commission m 
the mterest of secunly and pubhc safety 
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poses but for general power purposes as well Although 
tlio Commission should never be in the atomic power 
business m the sense of building and opcnting large power 
reactors for the sale of clcclncily to consumers, it does, 
however, have the rcsponsibdilj of stimulating within its 
owm laboratories, and in industry, an intensive search for 
w'ays and means of extracting usable power from the 
atom We must remember that it is the Commission that 
owms tlic multuTuIlion dollar laboratories in which most 
of tlic research work of the past has been done, and m 
which a large share of die rcscarcli of the future wall have 
to be performed It would be utterly unreasonable to close 
the door of these facilities to industr), or to expect m- 
diistiy to duplicate them before it could get started in the 
reactor-construction business 

To cany out its responsibihty to foster and encourage 
advancement of reactor technology, die Commission may 
well have to construct some pilot plants of vaiy mg designs 
and run them under conditions simulating large power re- 
actor operations Few, if any, private concerns arc in a 
position to place nsk capital into large reactors costing 
§60,000,000 to $120,000,000 or more xvithout pilot-plant 
expenence behind them, and few, if any, would be pre- 
pared today to put nsk money even into pilot plants cost- 
ing on the order of $10,000,000 In close association with 
industrial groups, whether pubhc or pnvate, the Commis- 
sion must, therefore, design and build and operate the 
forerunners of the large reactors which will someday feed 
appreciable quantities of electricity into the utility net- 
works of the country If these pilot plants can also be 
made to do a useful job for the government while they 
are produemg information on full-scale power plants, so 
mudi the better 

In an effort to brmg about diis ideal of govemment- 
mdustiy co-operation durmg the current development 
stage, the Commission, in the spring of this year, adopted 
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a new source of electricity that probably will take only a 
few pennies a montli, if iat, off their monthly light bill 

This IS, however, the case, and here is wh) To produce 
eleclncity an atomic power plant needs all of tlie electri- 
cal generating and distribution equipment that a coal- 
buming plant needs The only difference is that in the 
atomic plant the coal hopper and steam boiler \vould be 
replaced by a nuclear reactor and a different kmd of steam 
boiler There is no chance, therefore, of reducing the cost 
of the plant by going to the atom for fuel As a matter of 
fact, it seems quite possible that atomic power plants %vill 
always cost more to build tlian coal plants— they certamly 
do now— because a nuclear reactor is, by its very nature, 
vastly more expensive than a coal furnace 

The place, then, where you can save money by going 
over to atomic pow’cr is in the cost of the fuel And here 
>ou do save money, because the atom packs so much en- 
ergy into such a small space This means that your fuel, 
per unit of heat, not only comes more cheaply m the first 
place, it also means that you save money all along the 
hne On transportation, handling, and storage charges So 
great is this saving that some economists, when calculat- 
ing the cost of atomic power, put the cost of the nuclear 
fuel down as virtually zero But it is important to remem- 
ber that, even if coal were mined and distnbuted free to 
electric generating plants today, the reduction in your 
monthly electricity bill would amount to but twenty per 
cent, so great is the cost of the plant itself and the dis- 
tribution system 

To express it in the simplest terms You can save a lot 
of money on fuel if you have an atomic power plant, but it 
Will cost a great deal more to budd than a coal-buming 
plant Since atomic fuel is so cheap, you can, of course, 
afford to pay more for your atomic plant, but somewhere 
there is a ceiling below which you must stay Dr W H 
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n Tlic perfomnnee of such rc'jcirch and d(\cIop- 
ment work in Commission hboralorics, relevant to 
specific power projects, as the Commission deems 
warranted m tlic national interest 
r More liberal patent rights than arc presently 
granted to outside groups as may seem nppropnatc 
to the Commission and consistent with cxisbng 
law 

r Consideration of a progressively adjusted code 
for safety and exclusion area requirements as may 
appear reasonable in the light of operational ex- 
perience w’llh reactors Competent state authori- 
ties Will be encouraged to assume increasing re- 
sponsibibty for safely aspects of reactor operation 
Financial responsibility assocnlcd with reactor op- 
eration will be assigned to Ibe owners, m keeping 
witli normal industrial practice 
c Giving full recognition to the importance of re- 
actor technology to our national security, a progres- 
sively liberalized information policy m the power 
reactor field as incrcasmg activity justifies 

5 It is the objective of tins policy to furtlier tlie de- 
velopment of nuclear plants which are economically 
mdependent of government commitments to pur- 
chase weapons-grade plutonium 

6 The next few years will be a period of develop- 
ment looking toward the realization of prachcal nu- 
clear power, rather than a period m which one may 
invest m economical (le, large) power reactors 

Among all the quesbons hangmg over the future of 
atomic power, perhaps the most fundamental is tins “Is 
it all really worth the effort? ’ I have heard many people 
express shock and surpnse when thej learned that about 
all they can e^ect from atomic power, at least at first, is 
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presently consuming energy at a rate of 20 Q per ccnturj', 
and that, if present trends contmiie, tins rate will Ime 
climbed to 100 Q per centurj' by tlie year 2000 This cal- 
culahon includes energ\ consumption in all forms for 
propelling ships, automobiles, trains, and aircraft, for heat- 
ing homes, offices, and factones, for supply'mg heat for 
industnal processes, and for producmg electric power 
It IS sobenng to match these figures against the best 
estimates of the world’s reserves of coal, oil, and gas For 
eronomcally reco\erable coal, tlie reserve estimate is 
s^Out /O Q, and for oil and gas together it is about 8 Q If 
ese estimates are correct, and they are probably' not too 
ar Wrong, the worlds fuel reserves would last for about 
0 years at the present rate of consumption, and for less 
an 80 years at the rate of consumption tliat wall very 
ely be reached by the year 2000 ^^llatever the margin 
0 error here, it is plam, I ihinh, that w e cannot continue 
°T 7 ^5 upon our traditional sources of energy 

if Circumstances, it is encouraging to note that 

ah the economically recoverable uranium and thorium 
^ ® 'Vorld could be converted mto energy, it w ould pro- 
e a new source of energy amounting to about 1,700 Q, 
or enough for seventeen centuries ev ea at the rate of con- 
f^^ption that We may expect to reach by the y ear 2000 
en contrasted with the 70 Q m the worlds coal re- 
^ impressive Ggure 

^ cse facts alone are sufficient justification for trying 
ory ard gjjp ^ harness on the atom Moreover, I think 
would be foodhardy to "wait until ev'eiy other kmd of 
w II before we try to harness the atom, for there 

w\l special purposes for which coal, oil, and gas 

tal ^ '^^cful even m an atomic age The sooner we can 
li ^ total power burden off these conven- 

fo°”^ longer they will last to serv e the purposes 

d ^ ^ uniquely suited An electric pow er m- 

ostry based on atomic energy would be a tremendous 
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Zinn of llic Commissjon*s Argonnc Laboratory, one of tlic 
coiintr)’*!, leading reactor scientists, has figured tliat one 
may spend no more than $50,000,000 for an atomic power 
plant designed to produce as much electricity (200,000 
kilowatts) as a coal-bummg plant costing $-10,000,000 
Tins is, of course, a permissible fifty-per-cent increase m 
cost o\cr conventional facilities, and it is, essentially, the 
cost figure that Uie scientists and technicians must shoot 
at to make economically feasible atomic power 
But even if the ultimate cost of atomic pow cr comes out 
at about tlic same or slightly less than tlic cost of power 
from conventional sources today, it is still well worth the 
effort to achieve it I say tins for se\cral reasons 
First, tlic energy tlic world uses today comes from coal, 
Oil, gas, wood, or falling water Of these, all but wood and 
falling water, w'hich together can supply only a fraction of 
tlic world’s energ)' needs, arc exhaustible They arc being 
used up and tliey cannot be replaced Ultimately, there- 
fore, we arc going to nin out of coal, oil, and gas, and 
meanwhile, as we W'ork tlirough tlic more accessible de- 
posits, the cost of tlicse fuels will steadily nsc The world, 
therefore, is m need of a new source of energy This source 
IS more badly needed m some countries, such as Great 
Britain, France, Belgium, Italy, and Sweden, w’here coal 
and oil reserves are short or nonexistent, than it is in the 
Umted States, where coal and oil are still relatively plenti- 
ful and cheap But the world as a whole, mcluding the 
Umted States, needs a new source of energy, and it xvJl 
need it increasmgly as each year passes 

In this situation, it is interesting to consider some facts 
turned up by Palmer C Putnam, a consultmg engineer 
who recently conducted a survey on world energy sources 
for the Atomic Energy Commission Mr Putnam, for pur- 
poses of simphcity, uses an energy imit known as a Q,” 
which is equal to a bilhon billion Bnbsh Thermal Units 
of heat Usmg this umt, it can be shown tint the world is 
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ample, that by burning up our 100 gallons of gasoline we 
could change 90 gallons of water into new gasoline, and 
that thereafter we could, by burning gasoline in the pres- 
ence of water, always make new' gasoline equivalent to 90 
per cent of that which we burned By such a process we 
could quite obviously greatly stretch out our supply of 
gasolme, but w’e could hardly expect to stretch it out in- 
definitely for we would always be making a httle less 
gasohne than we consumed Ultimatel) w e w ould run out 
of gasohne before we ran out of water, and all the rest 
of the water in the world would be useless to us so far as 
gasoline production was coneemed 

But to pursue our oversimplified analogy still further, 
let us assume that we succeeded in developing a way by 
which we could produce 100 or more gallons of new 
gasoline from water for every 100 gallons we burned Sud- 
denly we would have made it possible for ourselves to 
change gradually all of the water m the world into gaso- 
line Our gasoline shortage would have vanished 

Scientists have known for a long time that something 
roughly analogous to this is theoretically possible in the 
neld of atomic energy In atomic energy, there is only one 
fissjonable fuel that occurs m nature It is called uranium- 
235, and it unfortunately constitutes less than one per cent 
of normal, natural uranium The supply of it that can be 
obtained from economically minable deposits is limited 
ut the scientists have also known for a long time how to 
change another, much more prevalent, kind of uranium 
^to fuel by burning uranium-235 m its presence They 
ave also known that they could change thorium, another 
relatively plentiful element, into atomic fuel by the same 
process But they have never been quite sure that this 
uel production process could be managed in such a way 
that as much or more new fuel would be created as there 
'vas old fuel consumed They tliought it could be done, 
and they even had a name for it Tliey called it "breed- 
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boon m itself, for, just in this one place, about twenty per 
cent of our annual consumption of coal, gas, and oil could 
be made available for other purposes or saved for future 
specialized use Another place where the atom would be 
of immediate benefit would be in the propulsion of ships 
If our entire Navy* and merchant marine were converted 
to atomic energy', a substantial percentage of our oil re- 
serves could be immediately' conserved for later use for 
such purposes as automobile propulsion— a function to 
which a nuclear reactor, willi all its bull^ shielding, may 
never be suited 

In all of these energy calculations there has until re- 
cently been one highly important "if " Tlius, we could ex- 
pect to find tlicsc great quantities of energy in the atom 
only tf we could convert all of the economically mmable 
uranium in the world into fissionable malenal And we 
could stretch these even further only tf we could also con 
vert all of the economically' mmable thonum m Uie world 
into fissionable material In this connection, I had the 
great pleasure of making the following annoimcement 
shortly before I completed my term as Chairman of the 
Atomic Energy Commission 

"\Ve have now reached still anotlier milestone in the 
history of atomic energy development in this country It 
IS a development whicli holds out the promise of makmg 
a civilian atomic power industry even more feasible and 
attractive m the long range than it has hitherto appeared 
to be 

'To explam to you the impact of reaching this new 
milestone, I would hke to use an analogy, albeit a greatly 
oversimplified one I would like to ask you to imagme a 
w^orld m which only one hundred gallons of gasolme ex- 
isted When that gasolme was used up, gasohne would 
forever be gone from the earth But let us imagme that 
we could make gasolme out of water by bummg the gaso- 
lme we had m the presence of water Let us say, for ex- 
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from it Breeding is a slow process, and a reactor may 
have to operate for five years or longer before it succeeds 
m yielding as much new fuel as was initially invested in 
it Our great current demand for uranium-235 and plu- 
tonium for weapons, and our equally great need for raw 
uranium ore to meet this demand, will not be lessened one 
iota 

“The real significance of breeding is that it is now pos- 
sible for mankind ultimately to utilize all of the uranium 
that can be extracted from the earth's surface for atomic 
fuel, whether it is fissionable or not m its natural state 
This proof of success in breedmg at the Idaho station sug- 
gests, m addition, that tlie other potential atomic fuel, 
thonum, may also ulbmately be utihzed Thorium, how- 
ever, was not used m this particular experiment, and I do 
not wish to imply that its susceptibihtv to breedmg has 
been proved 

“In summary, I should hke to emphasize that the 
achievement of breedmg with uranium is an important 
event, but it is not one that is likely to cause any immedi- 
ate, or even immment, revolutionary change in the eco- 
nomics of atomic power production What it constitutes, 
mamly, is another encouragmg and important factor which 
can be mtroduced into the many calculations being made 
to determine the best techmeal and economic approach to 
real, competitive atomic power ” 

The atom, then, is a promising new and relatively plen- 
tiful source of energy for replenishmg the world s dwm- 
dhng supphes of energy But this is only one reason why it 
IS worth developing Consider, too, the unique charac- 
teristic of the atom as a fuel its virtual weightlessness 
This means that it can be taken anywhere m the world 
cheaply— to the Arctic, to the desert, to an island— where- 
ever it is difficult, costly, or impossible to take coal and 
oil today To me, this has enormous implications Visu- 
ahze, for example, a desert region that could be irrigated 
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ing^ and Jt was m an effort to find out for certain whether 
this breeding process was possible in a particular t)'pc of 
reactor tliat the Argonne National Laborator) designed 
and built the Experimental Breeder Bcaclor in Idaho 
‘Tlus, you will recall, is the same reactor that first pro- 
duced atomic power in 1051 I now base word tliat Dr 
Waller Zmn, Director of the Laboratorj , Dr Harold Lich 
tenberger, in charge of the breeder project, and their Ar- 
gonne colleagues have used tlic reactor to demonstrate 
successfully tlic principle of breeding The reactor is op- 
erating in such a way that it is burning up uranium 235 
and, m tlio process, it is changing non-fissionablc uranium 
into fissionable plutonium at a rale tliat is at least equal to 
the rale at which tlie uranium-235 is being consumed 
Breeding has been achieved, and Dr Zmn and his col- 
leagues arc to be congratulated for bringing us to another 
important milestone m tlic development of atomic cnerg) 

I tiunk, how ever, that we must take care to see that 
this encouraging development is kept m its proper per- 
spective This news docs not mean dint economic power 
from atomic fuels is here It docs not mean that overnight 
we have suddenly obtamed all the fissionable material we 
want or need It does not mean that uranium can now be 
regarded as a virtually costless fuel It is quite possible 
that the breedmg principle will not even be mcorporated 
in the first atomic power plants It may be tliat some other 
types will be more feasible from the economic pomt of 
view, at least at first and possibly for some time A large- 
scale breeder reactor can be a costly proposition It re- 
quires a very large initial mvestment of scarce fissionable 
fuel In addition, before the newly created fuel can be 
extracted and put to use, it must go through a chemical 
separation process which is currently one of the most ex- 
pensive aspects of the atomic energy busmess 

“The achievement of breedmg also does not mean that 
we are suddenly independent of raw uramum ore Far 
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bon of electric energy and the production of heat to pro- 
pel various means of transportation What is beyond these 
no one today knows At the time when Morse sent Ins 
famous “What hath God wTOught? message over the first 
wireless, how many people could visuahze the progress in 
the field of electronics that has led to radar and tele- 
vision? Even if we had no other reason to apply ourselves 
dihgently in the field of atomic power, our current igno- 
rance of the art and the obscure but tantahzmgly promis- 
ing future should be enough in itself to beckon us on 



i 82 


Jtcport on the Atom 
if there were only enough dicip power to pump in a sup- 
ply of fresh water Visualize also a barren coastal region 
that could support a civilized community if only there 
were enough clieap power av-ailablc to distiU sea water 
into fresh water And visualize a world economy released 
from the heavy expense of transporting bulk)’ fuels Be- 
cause of the great cost of shipping coal and oil, industry 
today tends to locate near its sources of power, and this is 
not always where its raw materials arc found Tins means 
that tlie raw’ matcnals must be shipped in, frequently an 
expensive operation in itself With atomic pow’cr, however, 
tlie fuel can be taken cheaply to the raw materials Tlius 
many parts of the w orld, rich in certain resources but poor 
in power, will find it possible to process their raw ma- 
terials cheaply at home and ship out the much lighter 
and less bulky final product Tins will not only reduce tlie 
cost of the final product to the consumer, it bids fair to 
change tlie mdustrial and economic geography of the 
world 

The extreme compactness and virtual weightlessness of 
the atom as a fuel also has significant imphcations in the 
field of transportation Although tlie slueldmg is bulky 
and perhaps always will present a problem where small 
vehicles, such as automobJes, are concerned, the savmg 
m fuel weight and storage can make up for this in the 
case of commercial ships, as it may ultimately m the case 
of commercial aircraft and trams One field, now inactive, 
which conceivably could be revived by atomic power is 
that of hghter-than-air craft, where the atom’s non-in- 
flammability (in a chemical sense) and extreme compact- 
ness could easily prove to be an important boon 

Perhaps the most challenging and provocative aspect of 
atomic power hes, however, m areas not yet thought of 
The potential applications I have discussed are those that 
we can visualize and work toward today, even at this early 
stage of development They include mainly the genera- 
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the constituent parts of an atom Durmg the prolonged 
discussion many of tlie more erudite members of the press 
asked questions ^vhlch were answered in considerable 
detail 

Finally the questioning stopped, and the scientists who 
had undertaken to cover this particular subject prepared to 
move on to another But before doing so they mvited a 
last question or two from anyone wishing to clear up a 
point that might not yet bo fully understood In re- 
sponse, the man who had asked the original question 
raised his hand, very thoughtfully leaned forward, and 
said “There is one small point I am not yet completely 
clear on What exactly,” he inquired, ‘is an isotope? ’ 

It IS this inability of most people to understand what 
an isotope is that has, in my view, prevented isotopes 
from receiving the credit they deserve for the contnbu- 
hon to human betterment they have already made in 
this very early stage of atomic energy development Ac- 
fuall) isotopes constitute perhaps the happiest chapter in 
the story of the atom They arc used to treat the sick, to 
learn more about disease, to improve manufacturmg proc- 
esses, to increase the productivity of crops and livestock, 
and to help man to understand the basic processes of his 
body, the hving thmgs around him, and the physical 
World in which he exists Here, m the field of isotopes, 
there are no difficult questions of pohey to thrash out, 
and very few questions of law or economics to decide 
And there is no question of waitmg for benefits to ma- 
tenalize m the future They are here now— at least some of 
them— and they are already beginning to change and im- 
prove Our lives in many more ways than most people 
reahze 

But just what IS an isotope? I am not sure I can succeed 
m makmg this clear where others have failed Perhaps the 
best definition I have ever heard is this “An isotope is 
something that is exactly like somethmg else only it is 
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Radioisotopes: Servants of Man 


I ncMEAtncn a press conference rvhicli took place at 
Atomic Energy Commission licndquarlers in Washington 
shortly after I became a Commissioner Tlie purpose of 
the conference was to fnmilianzo tlic members of tlie 
press with the many beneficial things tliat w’cre being ac- 
complished throughout the world by tlie use of diose 
valuable by-products of the atomic energy program called 
“radioisotopes ” As Commissioner, I was cvpccted to be 
on hand for the conference, but as a new Commissioner I 
was not expected to say much Present to answer the tech- 
nical questions of tlie press w'ere several scientists from 
the Commission’s staff Tlus was an excellent arrange- 
ment from my pomt of view, for I was not yet very fa- 
miliar with the isotope part of the atomic energy program, 
and I welcomed the opportunity to listen and learn 
I well remember the first question from the floor “Just 
what,’ asked one gentleman of the press, *is an isotope?” 
There followed a rather lengthy discussion about atomic 
weights and masses, mixed m with numerous references 
to neutrons and protons, the composition of atomic nuclei, 
and the periodic tabic of the elements A blackboard was 
brought out and several diagrams were drawn upon it 
with a good many white and black circles representing 
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ferences even among the atoms which go to make up sin- 
gle elements Thus, all h)drogen is not exactly like all 
other hydrogen, and all gold, silver, oxygon, and uranium 
IS not exactly like all other gold, silver, ox)gcn, and ura- 
nium Mainly these differences have to do with weight 
(some t}'pes of one element arc very slightly lighter or 
heavier than others), but m many other cases they also 
have to do with radioactivity Some types of one clement 
send out invisible rays like X rays, while others don’t Sub- 
stances that emit these rays, or atomic sparks” as they are 
sometimes called, became Icnowm as “radioactive” Tlie 
most widely known naturally radioactive substance is ra- 
dium 

Having given the name “elements” to the ninety-two 
basic substances of the earth, man needed a new name for 
the different types of substances of which each individual 
element is composed The name he chose was “isotopes,’ 
which stems from the Greek words tso, meaning “same,’ 
and topos, meaning “place ” The name was first suggested 
m 1913 by the British scientist Frederick Soddy, who was 
then one of the leading research workers in the atomic 
field 

Hence we can see that an isotope really is “something 
that IS exactly like something else only it is different ” An 
isotope of gold IS gold, but it is not quite like all other gold 
An isotope of sodium is sodium, but it is not quite like all 
other sodium Unless the isotope is radioactive, it can be 
distinguished from other types of the same substance only 
by the most intricate laboratory equipment But if it is ra- 
dioactive, it can be identified by instruments, such as the 
Geiger counter, which are used to detect nuclear radia- 
tions 

An isotope is generally designated by a numerical figure 
representing the number of particles in tlie nucleus of one 
of its atoms Thus we have hydrogen-1, with one particle 
m its nucleus, hydrogen-2, with two, and hydrogen-S, with 
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different ” At first glance, this docs not appear to shed 
much light on the question of wlnt an isotope is But per- 
haps It can be made to If we look hnefiy at a little history 

Wlicn man began his life on earth he found things 
around Inm which he could identify He identified the air 
he breathed, the a\ater he drank, the plants and animals 
he ate, the a\ool and coal he burned, the stone and earth 
from which he built his shelter, and the salt with nhich he 
seasoned his food As time passed he learned that most 
of these things were made up of other, more basic sub 
stances Tims he found that water was really made up of 
the gases oxj'gcn and hydrogen and that salt was made up 
of sodium and chlorine combined m a way that com- 
pletely changed the characlcristics and properties of the 
original substances Ultimately he discovered tliat there 
were only ninet>«two substances that occurred naturally 
on earth and that w'crc not combinations of sometlung else 
Tlicy were “pure ” All other tilings, he learned, were really 
combinations of tw'o or more of these basic building 
blocks which, because of their elemental nature, he 
called “elements ” Among the ninety-two basic elements 
he identified such very light substances as hydrogen, car- 
bon, and oxygen, such heavier substances as silver, iron, 
and zinc, and such very heavy substances as gold, ura- 
nium, and lead 

For a very long tune man thought that all of the ma- 
terial which went to make up any one of tliese ninety-two 
basic elements was exactly alike Thus, he thought that all 
hydrogen was identical witli all other hydrogen, and that 
all uranium was identical with all other uranium Tliere 
was a very good reason why he should believe this, for all 
hydrogen looked and acted like all other hydrogen and all 
uranium looked and acted like all other uranium In fact, 
this appeared to be true of every one of the ninety-two 
basic elements he could separate and identify 

But now man realizes that m some cases there are dif- 
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of very much value in the tracing of biological and indus- 
trial processes because radium is not a particularly impor- 
tant element m these processes What was needed were 
some radioisotopes of such common and v'ltal elements as 
sodium, phosphonis, iodine, iron, and sulfur, and these, 
unfortunately, do not occur m nature If man was to have 
them, they would have to be made artificially 

The first artificial radioisotopes were made m the 1930’s 
m such giant atom-smashing machines as cyclotrons A cy- 
clotron IS essentially a giant nfle designed to shoot minute 
atomic particles at the nuclei of various elements Some of 
these particles strike the nuclei %Mth such force that they 
knock very small pieces of them out and rearrange their 
basic structure This changes the bombarded material mto 
a different element It is the process called 'transmuta- 
tion," which was the dream of the alchemists who hoped to 
change base metals mto gold Today we have exceeded 
their dreams, for we can transmute ordinary elements into 
substances far more valuable than gold 

With the mvention of the cyclotron, investigators at last 
had a way of producing the tools with which they could 
trace specific atoms through various reactions with amaz- 
ing sensitivity and without disturbing life processes In 
addition, some radioisotopes could be used, hke X rays or 
radium, as sources of nuclear radiation which would pene- 
trate sohd matter and destroy diseased tissues 

Tlie only trouble was that there weren’t enough radio- 
isotopes to go around Atom-smashmg machines can pro- 
duce radioisotopes only in the most minute quantities 
Nearly all of the volume of an atom is empty space, and 
the chances that a nuclear bullet from a cyclotron will hit 
a nucleus are very small Thus only a few investigators 
were able to obtain radioisotopes, and the number of ex- 
periments m which they could be used was hmited by the 
available supply 

This was the situation which prevailed when the United 
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three By the same token wo have oxygcn-16, 17, and 18, 
and iimnuim-233, 23-1, 235, and 238 Of these, uranium 233 
IS particularly interesting because it is the only naturally 
occurring substance wliosc atoms arc constniclcd in such 
a way that they can, as w c ln\ c seen in prc\ lous chapten, 
be made to undergo fission Uniniiim'233 is also fission- 
able, but, like plutonium, it is man-made 

Isotopes xvlucli arc radioactive arc known as “radioiso- 
topes ” • These radioisotopes arc of special interest to tlie 
research worker because they can be so easily detected by 
such instruments as the Geiger counter Less than a bil- 
lionth of a billionth of a gram of some radioisotopes can 
bo detected Thus, if a very small amount of a radioisotope 
of any given element is introduced into a large quantity of 
that element, the course of the element s progress through 
any biological or industrial process can be accurately 
traced Tins, for the first time m history, gi>e man the 
power to watch such processes while they were actually 
going on In the words of one leading biologist, Dr Mel- 
vin Calvin of tlie University of California, “It was as 
though the scientists had been given an eye which could 
look into plant cells and which could see tlic actual proc- 
esses taking place ” As an indication of tlie decisive way m 
which these radioactive materials assert their presence, 
1/100, 000th of a gram of carbon-14 (a radioisotope of car- 
bon) can be accurately measured when spread through 
the tissue of 20,000 gumea pigs 
Until 1934, virtually the only radioisotopes that were 
sufficiently active to he of much use were those of the ele- 
ment radium and its decay products As almost everyone 
knows, the radiations sent out by radium have been widely 
used in the treatment of cancer and for activating certam 
chemicals to lilummate watch dials But they were never 

• Some radioisotopes remain radioactive longer than others Some 
last billions of years others only frachons of a second. The time it takes 
a radioisotope to lose half of its radioactivity is known as its “half life 
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War n as a pilot plant for plutonium production The ra- 
dioisotopes are priced on the basis of actual production 
cost, and those used for cancer research, diagnosis, and 
therapy are provided at twenty per cent production cost 
Stable (that is, non-radioactive) isotopes also are pro- 
duced at Oak Ridge with different equipment Although 
they are not as sensitive research tools as radioisotopes, 
they are useful in some investigations, particularly in re- 
search mvolvmg elements which do not have suitable ra- 
dioisotopes More than 2,000 shipments of stable isotopes 
have been made from Oak Ridge since 1946 

A reactor produces radioisotopes m three ways, all of 
\vhich utilize the neutrons which circulate in great profu- 
sion throughout a nuclear reaction If the neutrons are ab- 
sorbed by the nuclei of atoms of a target element placed in 
the reactor, heavier isotopes of the same element are pro- 
duced If neutrons knock particles out of the target nuclei, 
isotopes of a different element result And if neutrons hit 
the nuclei of uranium-235 atoms, these nuclei spht mto 
two pieces, each a radioisotope of a hghter element The 
radioisotopes formed by this last process are called fission 
products 

Most of the radioisotopes distributed by the Atomic En- 
crgy Commission have been used for biological and medi- 
cal research and for medical diagnosis and treatment In 
medical research, they are used as tracer atoms to increase 
understanding of various body processes and organs For 
such research, radioisotopes frequently are mcorporated 
mto chemical compounds before bemg admmistered to a 
human bemg or laboratory ammal Some of the compounds 
which are important in life processes can be manufactured 
m the laboratory, but others can be produced only by 
plants or animals 

The most useful of these compounds have been obtamed 

y growing a variety of food and medicmal plants m an 
atmosphere contaimng carbon dioxide mto which radioac- 
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Slates succeeded in creating a self-sustaining chain reac- 
tion m uranium 235 during World War II Immcdiatel) 
tliero was opened up the possibility of producing quanti- 
ties of radioisotopes— many lliousands of times tlic number 
that could bo produced previously, and at a cost many 
times less 

TIic atoms of a substance placed in a nuclear reactor are 
exposed to a bombardment far more intense than that pro- 
duced by a cyclotron As many as a milhon million neu- 
trons flow through each square centimeter of a reactor 
each second, and this neutron flow exists in a volume oc- 
cupied by many tons of uranium and graphite In a few' 
weeks one nuclear reactor can produce at a cost of about 
$10,000 as much radioactw e carbon as one tliousand cyclo- 
trons could produce at a cost of more than $100,000,000 
During the five years from 1946 to 1931 the reactor at Oak 
Ridge National Laboratory produced radioisotopes with 
about four hundred times as much radioactivity as those 
produced in approximately fifty cyclotrons throughout the 
nation dunng the same period 

Officials of tlie Manhattan Engineer District realized 
that radioisotopes were a valuable by-product of the de- 
velopment of atomic energy After the wartime secrecy 
restrictions on the atomic energy program were removed, 
the Manhattan District began a program of distribubng 
reactor-produced radioisotopes to private institutions for 
research This program was taken over by the Atomic En- 
ergy Commission and has been expanded until more than 
a hundred different types of radioisotopes are available 
Smee 1946 about 35,000 shipments of radioisotopes have 
been made to about 1,000 institutions throughout the na- 
tion In addition, nearly 2,000 shipments have been made 
to about 250 institufaons m 31 foreign countnes 

Most of the radioisotopes distributed by the Commission 
are produced at OaL Ridge National Laboratory m an air- 
cooled, graphite-moderated reactor built durmg World 
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stantly are engaged m a dynamic process of breakdown 
and rebuilding This process can occur Nvith surpnsmg 
speed Salt injected into a vein, for example, will diffuse 
through the vein wall, go to the sweat glands, undergo 
conversion to sweat, and travel to the outside of the body 
—all m less than a minute We have w atched this process 
take place, tagged it and timed it 
More complete understanding of the comphcated com- 
pounds mvolved m biochemical reactions is evpected to 
throw new hght on cancer This is particularly true of re- 
search mvolvmg the nucleoproleins, tlie giant protem mol- 
ecules on the border line between living and non-living 
matter Cancer is essentially a cell disease, and it is possi- 
ble that it occurs when the nucleoprotein matenal m cells, 
for some reason or reasons not yet understood, repro- 
duces Itself in an uncontrollable manner Expenments m- 
volvmg the isotopic labehng of various components of nu- 
cleoproteins should provide a belter understandmg of their 
role m cancer If man^ver learns to control cancer, it prob- 
ably will be through this slow, hard basic research into 
what makes hving matter behave as it does and why cell 
growth sometimes goes wild 

In tile meantime, radioisotopes hav e found vaned uses 
m the diagnosis and treatment of cancer, as well as other 
diseases As tracers for diagnosis, they are used m amounts 
that will not mjure body processes All nuclear radiations 
can damage cells, however, and this property is used to 
advantage to destroy diseased tissues For this purpose, ra- 
dioisotopes may be beamed into the bod> from the outside, 
hke X rays, or they may be admmistered internally, either 
directly into the blood stream, by mouth, or by injection 
into a tumor or a body cavity 

The most useful radioisotopes for diagnosis are radioio- 
dine and radiophospliorus Radioiodme, like ordinary io- 
dine, accumulates in the thyroid gland A few hours after 
a patient drinks a solubon of radioiodme in water— the so- 
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tivc carbon has been introduced Tlic plants incorporate 
the radioactive carbon into tlicir cells, and various sub- 
stances, all "labeled” by the radiations a\luch they emit, 
may be extracted These substances may be fed to animals, 
and other compounds, still carrying the telltale radiocar- 
bon label, may be extracted from the blood, urine, and 
tissues 

Itadioisotopc-hbelcd compounds include sugars, or- 
ganic acids, ammo acids, starch, proteins, pigments, and 
alkaloids A number of labeled drugs have been produced 
in this fashion, for example, radioactive digitalis may be 
extracted from foxglov e plants gro\vn m on atmosphere of 
radioactive carbon dioxide 

The x’aliio of such compounds in studying life processes 
IS very great ^'a^^ous drugs can be tracked through the 
body and their action obserxed Tlic role m body mech- 
anisms of the large, complex molecules which make up 
such substances as proteins, nucicoproteins, and enzjTties 
can be studied more accurately tlian ever before Cancer- 
producing chemicals can bo traced, and differences m 
metabolism between cancerous and normal cells cm be 
detected Hundreds of experiments are being carried out 
with radioisotopes in these fields Radiocarbon also has 
been used to analyze the way in which the body uses food 
energy to build ammo acids into proteins 

Other experiments with radiocarbon and radioiron have 
thrown hght on such diseases as anemia and diabetes Re- 
search utilizmg radiozmc has demonstrated that the white 
blood cells of leukemia sufferers are deficient m this ele- 
ment This may help m underslandmg why overproduc- 
tion of white blood cells occurs m this disease 

Through the use of isotope tracers, mvestigators have 
built up a picture of the living body which is quite differ- 
ent from the conventional idea that the body is a more or 
less stable, unchanging structure Instead, tlie various body 
organs— even such solid parts as the bones and teeth— con- 
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allemte the painful sj'mptoms of angina pectons and con- 
gestive heart failure Inhibiting the activity of the thyroid 
slows body processes, easing the load on the diseased 
heart 

Radiophosphorus also has been a valuable diagnostic 
tool in locating certain tj'pes of brain tumors during sur- 
gerj These tumors absorb many times more phosphorus 
than normal brain tissue, and ‘ lagged’ phosphorus in- 
jected into tlie vems of the patient accumulates in the tu- 
mors Since the radiations penetrate only about a quarter- 
mch of tissue, a special radiation detection instrument, 
jvith a needlehke probe which can be inserted into the 
brain, must be used in association with the radioisotope 
Another promismg technique for treatment of bram tu- 
mors has been developed at Brookhaven National Labora- 
torj Patients are given injections of boron-10 and shortly 
afterward are exposed to neutrons from Uie nuclear re- 
actor at the laboratory The boron accumulates m the 
tumorous tissue, and the neutrons split the boron atoms 
mto two fragments, each of which acts as a source of very 
mtense but short-ranged radiation The range of the radia- 
tion IS less than a millimeter, so the treatment can be ex- 
fremely selective Eight out of ten patients given this 
eatment have showed improvement 
Radiophosphorus has been used in the treatment of 
cancer of the lymph system and for treatment of leukemia, 
a cancerlike disease m which white blood cells are pro- 
uced at an abnormally high rale It has not accomplished 
cures, but it is believed to have prolonged the hves of 
some patients It has been much more successful, and, m 
3ct, IS the preferred treatment m cases of polycythemia 
ysra, a disease charactenzed by overproduction of red 
blood cells 

If radioisotopes can be guided to other cancerous organs 
y the body itself, as radioiodme is guided to tlie thyroid 
g and, new techniques of treatmg moperable cancers may 
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called “atomic cocktair— more than half of the radioisotope 
nmH be concentrated in the few ounces of tissue making 
up the gland A cancerous tliyroid doesn’t take up as much 
iodine ns a normal gland, an ovcractive th^TOid will accu 
miilalc more Ilian normal A tracer dose of radioioduie wU 
indicate the gland’s health and activity A larger dose may 
be used to inhibit growth of the cancerous cells 

Since cancerous th)Toid cells lake up less radioiodme 
than normal cells, the isotope has not proved to be as help- 
ful in llic treatment of thyroid cancer ns vv as at first hoped 
However, it has proved to be valuable in tracking down 
and inhibiting the grow’lh of any fragments of cancerous 
tissue which may have spread from the tli^TOid to other 
parts of the body \\1ien tlie gland itself is removed by 
surgery, these fragments Increase their lodme-accumulat- 
mg activity and become more vulnerable to radioiodme 
treatment Cancer nodules m tlio jaw and lungs have been 
treated in tliis manner 

A few montlis ago investigators at the Umvcrsity of Cal- 
ifornia in Berkeley developed a device called a "gamma 
ray scanner” which may be used in association with radio- 
iodme to detect thyroid cancerous growths m various parts 
of tlie body A movable portion of this apparatus, bearing 
a senes of small radiation detectors which record as dots 
on a photographic film, is passed over the reclining pa- 
tient By tins scanning procedure, an image of the patient 
IS formed as a pattern of dots, cadi one of which repre- 
sents a given degree of radioactivity 

Probably the most successful therapeutic use of radio- 
iodme has been m the treatment of hyperthyroidism, or 
overactivtiy of the thyroid The radioisotope bombards the 
gland with short-range radiation called “beta rays, dam- 
aging suJGBcient cells to slow down the abnormal activity 
Since the beta rays travel only about one eighth of an 
inch in tissue, their damaging effect is confined virtually 
to the gland itself The same treatment has been used to 
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cerous site deep within the body When this is done, the 
cancer cells receive a damaging amount of radiation, the 
intervening tissue does not The Canadian reactor at Chalk 
River, Ontario, has been particularly useful in producing 
high-mtensit) radiocobalt sources because of the radiation 
level at which it operates Radioactive cesium, one of the 
fission products produced by a reactor, may ultimately turn 
out to be a better radiation source than radiocobalt be- 
cause of its longer half-life Facilities for separating it m 
quantity from the other fission products resulting from re- 
actor operation do not exist as ) cl, however 
Anotlier useful radioisotope in the treatment of disease 
is radiogold, which, mcidentally, is one of the least expen- 
sive of radioisotopes Cancer tissues m a body cavity fre- 
quently lead to the formation of excess fluids Radiogold 
injected into the cavity inhibits the cancer cells and also 
slows down the secretory activity of the normal cells hn- 
mg the cavity Radiogold also may be injected directly 
into tumorous tissue 

Tlie value of radioisotopes in the treatment of cancer 
should not be exaggerated, however This was brought 
home to the mdividuals connected with the atomic energy 
program last year, when Senator Bnen McMahon, author 
of the Atomic Energy Act and Chairman of the Jomt Con- 
gressional Committee on Atomic Energy, died of cancer 
No one had been more active in furthering the peacetime 
applications of atomic energy Yet no radioisotope— no 
technique developed in the fight against cancer— could 
save his life 

One of the most valuable uses of radioisotopes is to 
gam understanding of the life processes of plants as well 
of animals and human beings Probably the most funda- 
Kiental of these processes is photosynthesis, the process 
which enables plants to ublize water, carbon dioxide, and 
sun’s energy to build up carbohydrates, protems, and 
ats and give off oxygen Photosynthesis is the source of 
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well result Investigators arc consequently attempting to 
develop radioactive "guided missiles” for this purpose 
Tlicsc missiles are called "antibodies”— substances built up 
by the body to resist alien material The technique worl^ 
m this way If kidney tissue from a mouse is injected into 
a rat, the rat svill build up an antibody to fight the mtrud- 
ing substance Tins antibody may tlien be extracted from 
tlie rat and placed m a solution of radioactive matenal, 
some of which it xvill absorb If tlie antibody is tlicn m- 
jcclcd into a mouse, it wall travel directly to tlie mouse’s 
kidney, carrying the radioactivity along with it 

In April 1053 scientists at Sloan-Kcttcnng Institute an- 
nounced what appears to be an important advance in this 
tcclmique Tliey reported the development of cancer-cell 
antibodies wluch travel throu^i the body directly to can- 
cerous tissue These antibodies can be made radioactive If 
they may bo used safely m the human body, it is hoped 
tliat tliey may be used to cany radioisotopes to a number 
of different tj'pes of cancerous tissue which cannot be 
treated m any otlier way 

Radiocobalt has proved to be the most valuable radio- 
isotope of all for use, hkc an X-ray machine or radium, as 
an external radiation source It can be produced readily in 
a reactor It is far cheaper tlian radium and is easier to 
use than X rays It may be machined into various shapes 
to fit different parts of tlie body, or it may be made m the 
form of needles or beads to be placed directly m diseased 
tissue Even radiocobalt-nylon thread has been used to 
place radioactivi^ m a cancerous tissue Radiocobalt is 
also easier to handle, because it is so malleable, and re- 
quires less shielding than radium 

Several high-mtensity radiocobalt sources of radiation 
are m use withm the United States for medical purposes 
One of these may give off as much radiation as more tihan 
two pounds of radium Interestingly, wafers of radiocobalt 
can be arranged so diat their radiations converge at a can- 
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feclively, what fertilizers are best for various types of soils, 
and how the fertilizer is taken from the soil and used by 
the plant 

A single research project, conducted at Nortli Carolina 
State College, saved North Carolina farmers an estimated 
4,300 tons of superphosphate a year by demonstrating 
that tobacco plants cannot utilize phosphate fertilizers put 
on the surface of the soil during the growang season Stud- 
ios of phosphorus uptake m truck crops m New England 
s oued that farmers apply considerably more phosphorus 
an these crops take out of the soil Other evpenmenta- 
lon has indicated tliat winter killing of alfalfa and some 
0 her plants may be reduced by applying phosphates dur* 
the \vinter season ^ v 

Some plant diseases apparently occur when mineral nu^ 
J^ents from the soil become bound up m insoluble com- 
poimds m the plant tissue Radioisotopes are being used 
® determine how and why this process occurs Tracer 
^ u les indicate that chlorosis, a widespread disease of 
\^h caused by alkaline soils which interfere 

the utilization of iron, zme, copper, and manganese 


adiQiodme has been used to trace the intricate, mter- 
himgled root systems of stands of oak trees The course 
® e radioisotope through the roots indicates that the dis- 
ease may be spread from one tree to another by root grafts 
0 e blight mpine also is being studied through tlie apph- 
tracer radioisotopes to the roots 
adioisotopes are also used m various ways to combat 
crop pests Flies and other insects can be tagged with 
loisotopes and their migrations studied Dispersal of 
cir-bome fungi can be traced in the same way Tracers 
a o are being used to gam information on the action of m- 
sec cides and weed-kiUers Tracer research with DDT 
has indicated recently that DDT-resistant flies are able to 
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all oitr food, as well as of all our coal and oil In addition, 
it constantly replenishes the oxygen in the atmosphere that 
IS used up by animal life and by the burning of fuel 

Tlic end products of photosy'iithcsis have been kno^vn 
for some lime, but just how the complicated carbohjdrate, 
protein, and fat molecules arc built up from simple ele- 
ments has been one of tlie most mysterious processes m 
nature Now, by growing plants in an atmosphere contain- 
ing carbon dioxide labeled with radiocarbon, investiga- 
tors have been able to follow some of the steps m this 
process 

Like the reactions In animal metabolism, the steps m 
photosynthesis occur with surprising rapidity Tracer ex- 
periments show that radiocarbon is incorporated into two 
or tlircc compounds m the first tw o seconds after it is taken 
in by a plant In one minute at least fifty compounds will 
be formed, and in two minutes the radiocarbon is m- 
corporated into the compheated amino-acid compounds 
which go into the building of proteins If investigators 
succeed in idcntifymg and synthesizing all of Uiese com- 
pounds, it may be possible to synthesize food and fuels 
from elements and energy Tins smglc accomplishment 
might w ell change the conditions of human existence more 
drastically than all of the work in the field of nuclear- 
pow'cred ships, airplanes, and electric generators 

Other uses of radioisotopes are bnngmg more immedi- 
ate benefits in plant science These include studies of tlie 
way plants utihze fertilizers and vanous matenals from 
tlie soil, as well as metliods of controlhng msect pests and 
weeds 

Isotope research has shown farmers how to utihze fer- 
tihzers more efficiently Through the use of radioisotopes 
m plant food, investigators Iiave been able to determine 
where and how fertilizer should be placed for maximum 
uptake by vanous plants, when the plant uses it most ef- 



Radioisotopes Servants of Man i99 

fectively, what fertilizers are best for various types of soils, 
and how the fertihzer is taken from the soil and used by 
the plant 

A single research project, conducted at North Carolina 
State College, saved North Carolina fanners an estunated 
4,300 tons of superphosphate a year by demonstrating 
that tobacco plants cannot utilize phosphate fertilizers put 
on the surface of the soil during the growing season Stud- 
ies of phosphorus uptake m truck crops m New England 
showed that farmers apply considerably more phosphorus 
than these crops take out of the soil Other experimenta- 
tion has indicated that winter kilhng of alfalfa and some 
other plants may be reduced by applymg phosphates dur- 
ing the xvinter season 

Some plant diseases apparently occur when mineral nu- 
trients from the soil become bound up in insoluble com- 
pounds in the plant tissue Radioisotopes are bemg used 
to determme how and why this process occurs Tracer 
studies indicate that chlorosis, a widespread disease of 
fruit trees, may be caused by alkaline soils which mterfere 
with the utilization of iron, zmc, copper, and manganese 
b) the trees 

Radioiodme has been used to trace the mtricate, inter- 
mingled root systems of stands of oak trees The course 
of the radioisotope through the roots indicates that the dis- 
ease may be spread from one tree to another by root grafts 
Pole blight m pine also is bemg studied through tlie appli- 
cation of tracer radioisotopes to the roots 

Radioisotopes are also used in various ways to combat 
crop pests Flies and other msects can be tagged witli 
radioisotopes and their migrations studied Dispersal of 
air-bome fungi can be traced in the same way Tracers 
also are being used to gain information on the action of in- 
secticides and weed-kiUers Tracer research with DDT 
has indicated recently that DDT-resistant flies are able to 
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break tbo Insecticide down Into non-loxic products, but 
tliat various clicmicals may be added to make DDT effec- 
tive against Uicsc resistant Insects 
One of the important characteristics of nuclear radia- 
tions Is tint they can cause sterility m animals and plants 
This fact Is the basis for a no\ cl use of radioisotopes to con- 
trol an insect pest which causes many millions of dollars 
worth of damage to livestock annually Large numbers of 
laborator)'-raiscd male scrcw'worro flics arc stenlized by 
gamma rays from ridiocobalt Female screvnvorm flies 
mate only a single time, so if many sterile male flies are 
turned loose In an infested area, a number of the females 
Will mate with sterile males and produce infertile eggs 
This ingenious pest-control experiment is bcuig tried for 
tlie first time this year by Raymond C Bushland an ento- 
mologist for tlic Department of Agriculture If it is effec- 
tive, the same pnnciple could be applied to decrease the 
numbers of otlicr insect pests 
Radioisotopes arc being applied in mdustry as well as 
m biology, medicine, and agncullure Utibzabon of ra- 
dioisotopes in mdustrial research ranges from basic stud- 
ies in organic and physical chemistry to studies of the ef- 
ficiency of kitchen food-mLxers or the distribution of 
water in precooked nee Radioisotopes also are being 
used m various industrial processes, to control machinery 
and to detect tlie presence of vanous matenals Some spe- 
cific applicahons are as follows 
Thickness gauges 

A radioisotope is placed on one side of a movmg sheet 
of material, such as paper, rubber, plastic, or thin metal, 
and a detection mstrument is placed on the other side The 
amoxmt of radioactivity measured by the instrument m- 
dicates the thickness of the sheet, and variabons can be 
corrected automatically 
Radiography 

Radioisotopes can be used like X rays to detect mvisible 
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flaws in castings, welds, and forgings They are less ex- 
pensive and easier to handle than X rays 
Leak location 

Minute leaks m comphcated systems of pipes can be de- 
tected by radioactive tracers, even when the pipes are 
behind walls 

Tracing the fow of liquids through pipelines 
Some mdustnal pipelines are hundreds of miles long, 
and various liquids may flow through them m succession 
To prevent these from being mixed when they are drawn 
off, it is necessary to know exactly where one hquid ends 
and the next begms as they travel through the pipe This 
dividing line can be located easily by placmg a small 
quantity of a radioisotope at the junction between the two 
liquids When the radioactive material reaches a take-off 
pomt, the radioactivity registers on a detection instru- 
ment 

Safettj devices 

A safety unit has been developed which consists of a 
radioactive wrist band worn by a machine operator, and 
a detection instrument on the machine If the operator’s 
hand enters a dangerous area, the mcrease in radioac- 
tivity from the wrist band operates a control which stops 
the machme 

These are just a few of the many examples of the uses 
of radioisotopes in mdustnal processes They have had 
even wider apphcation m industrial research Perhaps the 
simplest such apphcation is the use of radioisotopes to 
measure the transfer from one surface to another of mi- 
nute amounts of materials, such as the metal worn from a 
moving part of a machme by friction Wear of piston rings 
or gears may be measured by making them radioactive 
and then measunng the ammmt of radioactivity found in 
the lubricant after use The Califorma Research Corpora- 
tion has stated that by this technique it is accomphshmg 
m four years and with an investment of $35,000 what 
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would have required sixty years and an investment of 
$1,000,000 without radioisotopes Wear of automobile 
tires can also be measured in llie same way by meorporat- 
ing a radioisotope into the tread, and this is being done 
by a number of leading rubber companies 

One of the newest applications of Uic tracer technique to 
the measurement of wear provides a good illustration of 
its advantages Before isotopes, studies of wear of the 
cutting edges of maclime tools took almost the entire life 
of tlie tool Now the amount of wear of a tough edged 
cutting tool can be measured accurately after only six to 
thirty seconds of use 

Other induslml research mvoKing tracer radioisotopes 
includes studies of the cfRcicnc)' w'lth which \arious de- 
tergents remove dirt from the family wash, the processes 
involved m the flotation of mineral ores, the effectiveness 
of the prescrvitivcs used on telephone poles, and the re- 
actions involved in the production of synthetic gasoline 
from coal and natural gas 

In addition to these uses, the nuclear reactor provides a 
new analytical techruque for industry Wlien a substance 
IS placed in a reactor, tiny amounts of impurities may be 
made radioactive Impurities m foods, drugs, metals, and 
other materials which cannot be delected by other meth- 
ods can be measured accurately by this technique 

Earher in this chapter it was noted that one of the three 
sources of reactor-produced radioisotopes is the fission of 
uranium atoms mto smaller, radioactive parts These 
parts, or fission products, are a by-product of leactor op- 
eration So far, they have been considerably more of a 
nuisance than a benefit Like ashes m a furnace, they ac- 
cumulate to a pomt where they interfere with the opera- 
tion of the reactor, and they must be separated from re- 
actor-produced plutonium before it is usable Most fission 
products are not used today, but are stored m huge 
underground tanks However, these waste products con- 
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tain tremendous amounts of radioactivity, which might 
he used by industry m various ways 

Possible uses of fission products have been studied by 
the Stanford Research Institute under contract with the 
Atomic Energy Commission A report issued by this or- 
ganization in 1951 mdicated that a potential large-scale 
mdustrial demand exists for fission products, but that the 
magnitude of the demand will depend greatly upon price 
If fission products can be sold very cheaply, large quan- 
tities might be used by industiy 
Before fission products can be made available to in- 
dustry on a large scale, however, both technical problems 
(such as the design of separation plants) and marketing 
problems (such as pricing, patent, and safety pohcies) will 
have to be solved Separation processes are particularly 
costly today, and a good deal of research may have to be 
done before fission products become an economically feasi- 
ble proposition In addition, mdustry will have to know 
considerably more about their utilization than is known 
today Several fission-product sources of high-intensity 
radiation are bemg used in research m this field 

If fission products can be made available to mdustry at 
$100 per curie (a cune” is equivalent to $20,000 worth of 
radium) or less, the Stanford Research Institute has re- 
ported they could be used for static elimmators, for mak- 
mg permanently fluorescent hght tubes, and for manu- 
facturing new types of chemicals If the price were 
brought down to $5 per cune, their use in industrial radiog- 
raphy would be practical At $2 per cune they could be 
used for stenhzmg various drugs, such as peniciUm, with- 
out the use of heat Below $1 per curie, the Institute has 
concluded, they might be used for the sterilization of 
various foods 

This last use is problematical at our present stage of 
knowledge Destruction of all micro-organisms m food re- 
quires a very high dose of radiation, and the amoimt 
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necessary ma) affect tlic taste or even produce toxic sub- 
stances Sterilization of dnigs is a more promising possi- 
bility, at least in the immediate future 
In this cliaplcr I ha\c tned to review some of the ways 
in which radioisotopes now are being used m biology, 
medicine, agriculture, cbcmislr)% and in aanous indus- 
tries No one can predict today all the other uses which 
may be developed Future applications of radioisotopes, 
particularly in research, arc limited only by the ingenuity 
of the men who use them But it is safe to saj that they 
will continue to bo powerful and vcrsabic research tools 
as long as man seeks to increase liis understandmg of the 
processes of life and tlie nature of the world around him 
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The Quest for Knowledge 


If you have ever looked through a powerful telescope at 
the night sky, or visited i planetarium, you probably have 
at least a faint idea of the kinds of worlds that eust be- 
>ond the range of human experience and understanding 
One such world is the world of the atom Unlike the 
Milky Way or the Spiral Nebula, houever, no one has 
ever seen an atom, even m broad outime Atoms are far 
too tmy They are as infinitely small as the universe is 
mfinitely large Even the most powerful microscope fails 
by many thousands of times to brmg the bulkiest atoms 
into view And yet, by developing many theories, by test- 
ing them over many years of painstakmg experimentation, 
and then by revising and adjustmg them until they ex- 
plain at least in part the things tliat happen m the world 
that man understands and knows, man has succeeded in 
leammg a good deal about atoms and what they can be 
made to do 

Surprisingly enough—or perhaps unsurpnsingly— the 
world of the atom, as currently visuahzed by man, is not 
too different from that of the stars If you could reduce 
> ourself in size until you were even smaller in relation to 
an atom than you now are m relation to the earth, you 
could enter this world What you would find there no one 
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really knou’s, but you uould probabU find something that 
avas not \astly different from what )ou might encounter 
if )Ou were traveling m a space ship deep in the Milk) 
Way Most of the space around )ou would be complctel) 
cmplj, and yet, at intcA’als, for as far as )our eyes could 
see, there w'ould be "suns’* and “stars" and "planets" 
There would even be “comets" and “meteors" and, here 
and tlicro, an exploding star or one that was, b) violent 
eruption, disgorging fragments of itself out into atomic 
space 

Such, according to what we kmovv today, is the world 
of tlic atom It IS an orderly world, and >ct, so far as man 
IS concerned, it is a complicated and still largely mjsten- 
ous one Man has learned a lot about this world, but, as 
with tlic universe itself, tlic more he loams the more there 
seems to be to learn The really fundamental truths alwa)s 
seem to lie just bc}ond tlic reach of tlie most bnlhant hu- 
man minds and the most intricate man-made equipment 
But in spile of tlicsc many drawbacks, man today knows, 
or tliinks ho knows, enough about atoms to be able to con- 
struct, m general terms, a fairly dear if symbolic picture 
of one 

According to current theory, an individual atom is simi- 
lar, roughly, to the solar system of vvluch our earth is a 
part It has a dense, inner core, called a ‘ nucleus,” cor- 
responding to the sun, and one or more mcredibly small 
surrounding particles called "electrons,* corresponding to 
the planets If you could enlarge an average-sized atom 
until its nudeus was as big as a basketball, its electron 
planets would be about a mile away So small is tlie nu- 
cleus, however, that if you took a bowl of water and in- 
creased it in size until it was as big as the earth, you would 
still need a microscope to distmguish the individual nuclei 
and electrons withm it 

Man has known for a long time that the nucleus of an 
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atom and the electrons which surround it are botli elec- 
trically charged, with the nucleus bearing a positive charge 
and the electrons a negative one He has also known for 
many years that the electrons in an atom are but loosely 
bound to their nuclear ‘sun” by this electric attraction, 
and that it is interactions between the electrons of differ- 
ent atoms that build the molecules of the substances 
which make up the world as you and I know it These 
electronic interactions, for example, account for the way 
m which atoms of oxygen and hydrogen can be bound 
together to form water They also account for such or- 
dinary chemical reactions as the burning of coal, the 
manufacture of drugs and chemicals, and the explosion of 
dynamite But the hearts of atoms— their nuclei— are undis- 
turbed by these sometimes violent gomgs-on along the 
outer edges of their atomic domains They can even pre- 
serve their nuclear equanimity through the explosion of a 
TNT blockbuster bomb 

It IS with these atomic nuclei that the science of atomic 
energy deals The purpose of the atomic energy program 
IS to learn as much about these hearts of atoms as pos- 
sible, and then to put that knowledge to work As yet, 
scientists do not know very much about atomic nuclei, but 
what little they do know has made possible the atomic 
bomb, nuclear reactors, and radioisotopes What addi- 
tional wonders may be hidden m the tmy hearts of atoms 
no one today can even guess 

Most scientists now agree that the basic buildmg blocks 
of an atomic nucleus are the particles of matter called pro- 
tons and neutrons Both are about t\vo thousand times 
heavier than an electron, but are still incredibly small 
They differ m that the proton bears a positive charge and 
the neutron has no charge at all It is the protons in a nu- 
cleus that give It Its positive charge and cause it to attract 
and hold in their orbits the electron planets which go to 
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make up llic outer portions of an atom In a normal atom 

tlicrc is always one electron planet for each proton in the 

nuclctts 

Both of tlicse particles arc enormously important Tlic 
number of protons in a mielcus, for example, dctennincs 
the kind of ehcmical substance the atom is Tlie number 
of neutrons, together with the number of protons, deter- 
mines the wciglit of the atom and therefore the isotope 
It IS Neutrons also determine llie atom s stabiht) Tims, if 
there arc too many or too few neutrons in relation to the 
number of protons present, the nucleus may spontane- 
ously throw out a small cliarged particle or t\^o as it ad- 
justs itself to a more stable combination Atoms which do 
this arc said to be radioactive, and cadi time tlicy emit a 
particle tlicy change into an entirely different knnd of ma- 
terial Radium, the most plentiful radioactive element m 
nature, will do this a number of limes at highly irregular 
intervals over the course of many thousands of years, ul- 
timately becoming lead, which is stable 

The simplest atom m existence is that of ordinary hydro- 
gen gas— the lightest element on earth— w hich consists of 
but one proton as tlic nucleus and one electron planet It 
IS the only atom which has no neutrons at all m its nu- 
cleus If you were to take an ordmary hydrogen nucleus 
and add a neutron to it, you would have a substance 
known as "heavy hydrogen," or deuterium, which is the 
mgredient m heavy water that makes it heavier than nor- 
mal water Heavy hydrogen, although it weighs more than 
ordmary hydrogen, is stiU hydrogen, howev er, because it 
still has but one proton m its nucleus If you were to add 
another proton to heavy hydrogen you would have a 
rare kmd of hehum 

The biggest and most compheated atom m nature is 
that of ordmary uranium metal, which contains 92 pro- 
tons and 146 neutrons bound bghtly together in the nu- 
cleus This metal, because it contams 238 particles m its 
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atomic nuclei (the sum of 92 protons and 146 neutrons), 
IS called uranium-238, or frequently, U-238 Uranium that 
has only 143 neutrons is called U-235, the sum of 92 and 
143 One of the central mystenes of the atomic energy 
science is why the protons, which all bear a similar elec- 
tncal charge, remam tightly cemented together m the nu- 
clei of atoms as big as those of uranium 

In between the extremes of hydrogen and uranium 
there is a ^vlde vanety of combinations of protons and 
neutrons which go to make up tlic atoms of all the sub- 
stances of the earth Thus, oxygen has 8 protons and 8 
neutrons, gold 79 protons and 118 neutrons, and lead 82 
protons and 125 neutrons 

In radioactive atoms the very tiny particle tliat is 
throivn out of the nucleus as the atom changes into some- 
thmg else is frequently an electron And yet, you will re- 
call, electrons were not mentioned when we were dis- 
cussmg the basic building blocks of atomic nuclei If ) 0 U 
are wondering where these electrons come from, so, m- 
deed, are the scientists This is just one indication, and 
there are many more, that atomic nuclei are vastly more 
comphcated and mysterious than many scientists had at 
first assumed 

Electrons are not the only particles of matter ejected 
hy radioactive atoms Some— the bigger and heavier ones 
like radium— emit much larger particles composed of two 
protons and two neutrons tightly cemented together These 
are called “alpha particles,” and they are really nothing 
more nor less than the nuclei of hehum atoms The elec- 
trons emitted by radioactive atoms are called “beta par- 
ticles There is also a third type of nuclear radiation 
called ‘ gamma rays ” These, according to current theory, 
are not particles at all They are simply pure electromag- 
nebc energy, as is hght or X rays All, however, are dan- 
gerous to humans because they wall destroy the cells 
which make up the tissues of the body 
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In more recent jcirs, In addition to tlic proton, neutron, 
and electron, a number of other sub atomic particles have 
been discovered These bear such names as the positron, 
the neutrino, and the meson, of which there arc several 
types Tlic more man has been able to find out about these 
particles, the more lie has rcahred that he really doesn’t 
know very much about them For this reason, important 
research efforts both m Uifs country and abroad arc being 
mounted to explore their m)stcries for clues to the real 
nature of the atomic nucleus and what holds it together 
so firml) Many scientists think the recently discovered 
meson— a particle intermediate in weight between an elec- 
tron and a proton— holds the key to these nuclear secrets 

Most of tlie research into the nature of atomic nuclei 
is done with cosmic rays or with giant atom-smashing 
machines with names like Van de Graall generators, hn 
car accelerators, cjclolrons, sj'nchrotrons, betatrons, cos- 
motrons, and bevalrons Cosmic rajs are useful because 
tlicy consist of electrically charged particles (current 
theory holds that most of tlicm arc probably protons) that 
fly into the cartli's atmosphere from outer space No one 
know’s wlicre they come from or why But they come at 
enormous speeds and when tlicy strike the nuclei of the 
atoms winch go to make up the atmosphere tliey smash 
them, causing sucli particles as mesons to fly out These 
particles, because tliey bear electnc charges, wall make 
an identifiable track in photographic film, and can be 
detected by this means Also useful are such instruments 
as die Wilson cloud chamber, which is a box containing 
air highly saturated with moisture, as m a cloud When a 
charged particle passes through tins artificial cloud it will 
leave a track, much like the vapor trail of a high-flymg au- 
plane, which can be seen and photographed Particles of 
different speeds and sizes can be identified m this man- 
ner It was, m fact, the way m which the meson was dis- 
covered 
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To work ^vlth cosmic rays, however, means organizing 
mountain-climbing expeditions or the use of high-flying 
aircraft or rockets Even tlien llie results cannot be very 
satisfactory because of the great difficulty in maintaining 
controlled conditions and in taking comphcated equip- 
ment to the required altitudes 

Much more satisfactory are the atom smashers which 
are now very prevalent in the government and university 
laboratories of this country, due mainly to the efforts of 
the Navy Department and the Atomic Energy Commis- 
sion At present, eighty-seven such machines are sup- 
ported entirely or m part by the Atomic Energy Commis- 
sion Of these, the tvvo largest are the bevatron at the 
Radiation Laboratory of the Umversity of California at 
Berkeley and the cosmotron at the Brookhaven National 
Laboratory on Long Island 

So important are these particle-accelerating machines 
in the atomic scheme of tlimgs tliat I believe it would be 
useful to take a moment to explam roughl) how they 
work Let us assume we wish to accelerate protons You 
Will recall that a single proton constitutes tlie nucleus of or- 
dinary hydrogen gas It is therefore fairlj easy to obtam a 
plentiful supply of protons by simply buymg some hydro- 
gen gas from a chemical supply house But in normal 
hydrogen gas the protons come as parts of atoms, complete 
with accompanymg electrons Our first job is to get rid of 
these electrons We are helped m this by the fact that 
some metals, such as tungsten, release electrons when 
they are heated Thus, if we pass our hydrogen gas mto 
a chamber containing a heated tungsten wire, the elec- 
trons being released by the tungsten will knock the elec- 
trons out of the atoms of hydrogen gas, leaving only the 
proton nuclei The gas is now said to be ionized, or elec- 
trically charged 

Once ionized, the gas is allowed to diffuse upward mto 
the particle accelerator If the accelerator is a cj clotron. 
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It essentially n giant cakc-sliapcd, hollow magnet, split 
\crllcilly clown the midcllc into two parts called "decs” 
Protons enter the machine in the space between the two 
dees At the time of cntr\% one of the dees is positively 
charged and the other negatively charged Tlic positive 
dee repels the proton and the negative one attracts iL 
Thus Iicgins the proton’s acceleration But hardly does it 
get under way before the charge in the decs is reversed 
Tins starts the proton on a circular course inside tlie cy- 
clotron In tlic 18-1-inch (Uic diameter of the 4,000-ton 
magnet) cyclotron at Berkeley the charge in the two dees 
IS reversed at n rale of 20 million times a second, causing 
the particle to pick up speed svvaftly as it travels in an 
ever-widening circle withm tlic machine Parbcles make 
10,000 revolutions in a tliousandth of a second and emerge 
at a speed which is nearly half that of light Ulien tliey 
leave the cyclotron the) arc pointed at a target material 
containing the atoms to be smashed The fragments of the 
resulting collisions arc then studied for clues as to the 
nature of the nucleus Tlie first artificially produced mes- 
ons were made in the 184-incIi cj'clotron in this way m 
1947 

The otlier prinapal particles accelerated in atom smash- 
ers are dcuterons, alpha particles, and electrons Deuter- 
ons (nuclei of heavy hydrogen atoms) and alpha parti- 
cles (nuclei of helium atoms) can be obtained and 
accelerated in the same way as protons The techniques 
with electrons are somewhat different, not only because 
they are negatively rather llian positively charged, but 
also because they are much lighter in weight than other 
nuclear particles 

Interestingly, m accordance with Einstein's theoiy of 
the equivalence of mass and energy, the faster a particle 
IS accelerated the larger it becomes Thus, an electron ac- 
celerated to an energy of 300 million electron volts (300 
MEV), which brings it up to 99 99 per cent of the speed 
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of liglit, will increase in mass 600 times A proton, being 
much heavier, will mcrease only about 30 per cent in mass 
Until recently the largest and most powerful particle 
accelerator m the world was tlie 184-mch Berkeley cyclo- 
tron, which can operate m the 200 to 400 million volt 
range Last year, however, a new machine, called the 
cosmotron, went mto operation at the Brookhaven Na- 
bonal Laboratory which can accelerate protons to ener- 
gies of 2 5 billion \olts or more It is called tlie cosmotron 
because in it man, for the first time, is able to impart en- 
ergies to nuclear particles that are equivalent to those of 
cosmic rays Now nearly completed at Berkeley is still a 
larger machine, the bevatron, which is expected to achieve 
energies m the 5 to 6 billion volt range, thus openmg up 
a whole new area to the scientists who probe the mys- 
teries of the nucleus 

The two mam centers for this kmd of work in the Umted 
States are the Berkeley Radiation Laboratory and the 
Brookhaven National Laboratory Tbe Berkeley Labora- 
tory sits high on a hill behmd the campus of the Univer- 
sity of California and looks out over San Francisco Bay 
In many ways it is fair to say that this is the world center 
of particle-accelerator work The laboratory was estab- 
lished m 1936, and its work is directed by Dr Ernest O 
LawTence, the inventor of the cyclotron Among the many 
proud ‘firsts” it has achiexed with its unique equipment, 
in addition to the first artificial production of the meson, 
are the development of the electromagnetic process for 
the production of U-235, the discovery of plutonium, the 
first production of plutonium, and tlie discovery of the 
new man-made elements neptunium, amencium, cunum, 
berkelium, and californium 

The Brookhaven National Laboratory, which is much 
new er than Berkeley, havmg been built since the end of 
the war, is located on Long Island about seventy miles 
from New York on the site of the Army s old Camp Upton 
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It is the snmc site tint Irving Berlin inidc famous in a 
nmsicnl review during World War I when it was known 
as Camp ^nphank BrooUnven todav still possesses many 
of the features of n well-kept Anny post watli its many 
baiTacks-t)'pc buddings and its spaciousness Among its 
newest features arc the modernistic frame cosmolron 
budding and the large )cllow brick and glass structure 
which houses the Brookhaven research reactor desenbed 
in Chapter VIII None of Brookhaven’s staff of about 
1,100 lives on the laboratory site itself, although some of 
the dormitories there arc used by vasiting scientists who 
come in from surrounding institutions to use the reactor 
or other of the laboratory'*s unique research equipment 
Tlic onl) commercial enterprises on the site are a store 
and a cafeteria Besides the reactor and cosmolron, Brook- 
haven also has well rounded facilities for research in bi- 
ology, medicine, physics, and chemistry Tlic laboratory 
IS operated by a non-proGt corporation composed of nme 
northeastern univ'crsitics 

In addition to Berkeley and Brookliavcn, tlie major cen- 
ters of Commission-sponsored research with high-energ) 
atom smashers are Carnegie Tech, tlic University of Chi- 
cago, Columbia, the University of Rochester, Cal Tech, 
Cornell, MIT, the University of Michigan, Purdue, the 
University of lUinois, and Stanford In all, the Commis- 
sion spends about $7,500,000 per year on tliese projects 

But tlie quest for more and more atomic knowledge is 
not hmited to atom smasbmg and tlie probmg of nuclei 
Scientists also want to leam all tliey can about the already 
discovered Gssion process, its products, and the effect of 
these products on humans, anunals, plants, and matenals 

The atomic energy program as it e^ts today is built 
on the fact that the atomic nuclei of a rare isotope of ura- 
mum, U-235, will fission, or split in two, when they are 
struck by free neutrons, and that they will release other 
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neutrons in the process So far in this book, we have men- 
tioned this fission process a number of times, but we have 
not discussed just how it works So let us consider the nu- 
cleus of an atom of U-235 It has 92 protons and 143 neu- 
trons Although this nucleus is radioactive, it is so slightly 
radioactive that it would take four million years for half 
of a given quantity of U-235 to emit nuclear radiations 
and change into something else For most intents and pur- 
poses, then, it can be considered as stable, and it is as hard 
to smash as any other atom— that is, unless it is struck by 
a neutron Then the result js quite different For some rea- 
son but little understood, the nucleus of a U-2S5 atom will 
flj apart violently into two approximately equal parts 
when a neutron is introduced Tins is tlic process called 
fission 

The products of fission arc kinetic energy, nuclear ra- 
diation, two new highly radioactive atoms about half the 
size of the U-235 atom, and an average of two and a half 
new neutrons Kinetic energy is the energy possessed by 
bodies in motion In the ease of fij-sion, it is the energy 
possessed by the two atomic fragments that fly apart at 
very high speeds As these fragments lose their great 
speed through collisions with other atoms, this kinetic 
energy is transformed into great quantities of heat 
If neutrons were not released, however, the fission proc- 
ess m U-235 would not be significant The atoms of most 
substances can be made to split m two if struck by neu- 
trons traveling at just the right speeds, but unless new 
neutrons are produced, that is where the reaction stops 
With U-235, however, the neutrons that are released by 
one fission go on to strike other nuclei and, if enough 
U-235 IS present to absorb a substantial share of these 
neutrons, a nuclear chain reaction develops If this chain 
reaction is allowed to proceed uncontrolled, an enormous 
explosion, such as that produced by an atomic bomb, will 
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It IS the sime site that Irving Berlin made famous m a 
musical review during World War I when it was known 
as Camp Yaphank Brookhaven today still possesses many 
of the features of a well-kept Army post with its many 
barracks-typo buildings and its spaciousness Among its 
newest features are the modernistic frame cosmotron 
building and the large yellow brick and glass structure 
which houses the BrooUiavcn research reactor described 
in Chapter VIII None of Brookhaven’s staff of about 
1,400 lives on tlie laboratory site itself, although some of 
the dormitories there are used by visiting scientists who 
come in from surrounding institutions to use the reactor 
or other of the laboratory's unique research equipment 
The only commercial enterprises on the site are a store 
and a cafetena Besides the reactor and cosmotron. Brook- 
haven also has well-rounded facilities for research m bi- 
ology, medicine, physics, and chemistry The laboratory 
is operated by a non profit corporation composed of nine 
northeastern universities 

In addition to Berkeley and Brookhaven, the ma)or cen- 
ters of Commission-sponsored research with high-energy 
atom smashers are Carnegie Tech, tlie University of Chi- 
cago, Columbia, the Universi^ of Rochester, Cal Tech, 
Cornell, MIT, the Umversity of Michigan, Purdue, the 
University of Illmois, and Stanford In aU, the Commis- 
sion spends about $7,500,000 per year on these projects 

But the quest for more and more atomic knowledge is 
not limited to atom smashmg and the probing of nuclei 
Scientists also want to learn all they can about the already 
discovered fission process, its products, and the effect of 
these products on humans, animals, plants, and materials 

The atomic energy program as it exists today is built 
on the fact that the atomic nuclei of a rare isotope of ura- 
nium, U-235, will fission, or spht in two, when they are 
struck by free neutrons, and that they will release other 
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oratory near Santa Fe, New Mexico, operated for the 
Commission by the University of California 
The Los Alamos Laboratory is situated on a senes of 
mesas, separated by deep canyons, on the eastern side of 
the Jemez Mountains, where they slope downward into 
the Rio Grande Valley Across the valley is the crimson 
outline of the Sangre de Cnslo ("Blood of Christ”) range 
Santa Fe is thirty-five miles to the soutlicast Because of 
its security-enforced isolation, the laboratory has its own 
town, also called Los Alamos The town is 7,300 feet above 
sea level and 2,000 feet above the nearby Rio Grande It 
is reached bv a road he^vn out of the sheer face of an 
enormous cliff There are no railroads to Los Alamos, but 
It has Its own airport It also has its o^^^l movies, hotel, 
stores, modem apartments, golf course, and quiet resi- 
dential areas, much like those of any other Amencan city 
Most of the architecture is adobe, in keeping witli the 
Indian-country setting 

It IS here ^at the men and \iomen who design and 
develop atomic weapons hve and work Their hves are 
much like those of people everywhere They work normal 
hours, their children go to good public schools, they at- 
tend church on Sundays, they belong to such groups as 
the Kiwanis and American Legion, and they make fre- 
quent trips to the nearby mountains for fishing and hunt- 
mg or to the nearby valley to visit the Indian pueblos that 
dot northern New Mexico Occasionally the men of the 
town go off on business tnps to Berkeley or New York or 
Chicago for scientific meetings, to Washington or Albu- 
querque for conferences, or to the Las Vegas Provmg 
Ground or Eniwetok for field tests of the weapons they 
develop There is one striking difference between their 
town and most other Amencan cities you must go 
through a guarded gate to enter it, and casual visitors are 
not welcome Of the three Commission towns, Los Alamos 
IS the only one that is still closed 
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result If, on tlie otlier hand, tlic reaction is restrained by 
tlie use of some neutron absorbing material such as cad- 
mium, it will proceed slowly, as m a nuclear reactor 
Unfortunately, U-235 is very rare, comprising but one 
part m each 140 parts of uranium as it occurs m nature 
Virtually all the rest of natural uranium is U-238, which 
will not sustain a fission chain reaction Fortunately, 
however, U-238 can be changed into the man-made ele- 
ment plutonium, which will This transmutation is accom- 
plished by strilong the nucleus of a U-238 atom wth a 
neutron It works tlus way When a neutron is absorbed 
mto a U-238 nucleus, the U-238 atom becomes U-239, 
which IS very highly radioactive It very qmcUy throws 
out an electron, changing m the process mto the artificial 
element neptunium, which has 93 protons and 146 neu- 
trons This, too, is highly radioactive and m a very short 
time emits another electron, changmg mto plutonium, 
with 94 protons and 145 neutrons Thus it is possible to 
make fissionable plutonium from non-fissionable U-238 by 
ejsposing a quantity of U-238 to the neutrons produced m 
a fission cham reaction in U-235 This, m fact, is precisely 
what IS done m the Hanford reactors 

There is also one other man-made matenal capable of 
sustammg a fission cham reaction This is U-233, which 
can be made from the metal thorium m much the same 
way as plutonium can be made from U-238, m other 
words, with neutrons Although U-233 is not yet m wide 
use, it probably ^vlIl be as tune goes on 
The effort to learn more about the fission process and 
how to put it to work is bemg carried on m hterally hun- 
dreds of laboratories m all parts of the country Out of a 
total budget this fiscal year (1954) of about one bilhon 
dollars, somethmg over one hundred milhon is bemg spent 
on this effort At present, perhaps the most important such 
work IS bemg carried on m the field of weapons, and the 
center of this research is the Ix)s Alamos Scientific Lab 
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be put to work is m the production of po\\ er, discussed 
m Chapters VIII and IX One of the mam centers of tins 
kind of research is the Argonne National Laboratory at 
Lemont, Illinois, on the outskirts of Chicago Argonne is 
the successor to the famed Metallurgical Project of World 
War 11 \\hich built the first nuclear chain reactor Tlie 
laboratory is operated for the Commission by the Univ^er- 
sity of Chicago and is under the direction of one of the 
worlds foremost reactor scientists. Dr Walter II Zmn 
Thirty-two educational institutions and research labora- 
tories in twelve midwestern states are affiliated with Ar- 
gonne and maintain research and training programs m 
co-operation ^\llh it 

The Argonne Laboratory occupies a newly built home 
which replaces the makeshift facilities used by tlic Metal- 
lurgical Project during the war These were located m a 
score or so of temporary locabons scattered in and around 
Chicago The laboratory today, which occupies a rural 
site about twenty-five miles west of downtown Chicago, 
looks much like many well-kept industrial laboratories. 
With its low-lying red bnck buildings and wide la\vns 
None of the laboratory s staff of about 2,000 lives on the 
fenced-in site Many of them hve in the quiet village of 
Lemont, while many others commute daily from Chicago 
and its suburbs 

In the years since the war, Argonne has maintained its 
pre-eminence in the reactor field Among other things, it 
designed and operates the Experimental Breeder Reactor 
which first produced usable electrical power and which 
first demonstrated the feasibility of breeding It also per- 
formed the basic design and development work on the 
first atomic power plant for submarine propulsion, and 
assisted with the design of the production reactors at the 
Savannah River plant in South Carobna 
Another important center of reactor research and de- 
velopment work IS the Oak Ridge National Laboratory 
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During the war, Los Alamos was known simply as 
“Post OfRco Box 1663, Santa Fc” Its existence was not 
made public until after the Hiroshima explosion In its 
wartime days it was a mccca for many of the most bril- 
liant scientists of the free world men like Enneo Fermi, 
Bruno Rossi, Edward Teller, John von Neumann, Hans 
Belhe, Niels Bohr, Cynl Smith, and Sir James Chadwick 
Some were refugees from European dictatorships who had 
sought safety and a chance to fight for freedom m Amer- 
ica, some were members of the British Scientific Mission, 
some were native bom Amencans 

Since the war, the to\vn of Los Alamos has been largely 
rebuilt and greatly expanded It now has a populabon of 
about 13,000 The laboratory, which dunng the war con- 
sisted of hastily built temporary structures, lias also been 
partly rebuilt and enlarged For the past several years the 
laboratory has been under tlie very capable direction of 
another of America’s great scientists, Dr Noms Bradbury, 
and the staff is composed totally of American citizens, the 
British Scientific Mission and other non-citizens havmg 
left in 1946 It is these people who are working to design 
and develop ever more efficient weapons in an ever wider 
variety of shapes and sizes In recent years they have 
added work with fusion to their earlier work with fission 
alone Whereas fission is the splitting of heavy atoms, fu- 
sion IS the combmmg of lighter ones, such as hydrogen 
Both processes release enormous amounts of energy In 
fact, It IS the fusion process which produces tlie energy 
that comes to us from the sun Although the work at Los 
Alamos with fusion is for the purpose of developmg H- 
bombs, it IS also valuable basic research in a field hereto- 
fore but httle imderstood If there are any peaceful uses 
in the fusion (also called thermonuclear) reaction, the work 
being performed at Los Alamos will certainly aid m re- 
sealing them 

Another important way m which the fission process can 
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mission Radioisotope Training Program By 1953 more 
than 700 people from some 400 different institutions in 
the country and abroad had taken one of the six four- 
week courses offered by the Institute each }ear Tlie 
Radioisotope Traming Program has been a real help to 
the rapid rate at which the use of isotopes has mcreased 
throughout the free world 

Other leading centers of reactor research and develop- 
ment work, m addition to Oak Ridge and Argonne, are 
the Bettis Laboratory at Pittsburgh, Penns)lvania, which 
IS operated for the Commission by the Westinghousc 
Electric Corporation, and the Knolls Atomic Power Lab- 
oratory at Schenectady, New York, which is operated by 
the General Electric Company Both of these are leaders 
in the propulsion reactor field 
Although reactor work is earned on at a number of 
govemment-o\vned laboratories and private mdustrnl 
concerns in various parts of the country, most of the full- 
scale reactors are being built at the Commission’s National 
Reactor Testing Station in Idaho This remote 400,000- 
acre reservation is the home of the land-based prototype 
of the first submarine reactor, the Materials Testing Re- 
actor ( operated by the Phillips Petroleum Company ) , and 
the Eyperimental Breeder Reactor Test facilities are now 
under construction there for use m the development of 
the first atomic aircraft engme It also has a large plant 
for processmg the fuel elements of the various reactors 
which are now located there or will be in the future Its 
employees commute daily from Idaho Falls, about fifty 
miles across open country to the east In many ways, the 
Reactoi Testing Station serves the same purpose m the 
field of reactors as do the Nevada and Eniwetok Provmg 
Grounds m the field of weapons 
There is much more to the effort to learn about fission 
and to put it to work than the development of weapons 
and power reactors, however Behmd these programs, and 
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at Oak Ridge, Tennessee It is operated for the Commis- 
sion by the Union Carbide and Carbon Corporation, as 
are tlie gaseous-diffusion plants located on the Oak Ridge 
reservation Like Los Alamos, the Oak Ridge Laboratory 
has its own town, where most of its 8,000 employees live 

Tlie Oak Ridge National Laboratory is located in a val- 
ley away from tlie town Its mam building is large, new, 
and severely functional This would be tlie admmistrabve 
center of the Oak Ridge Laboratory and also the home of 
much of its technical equipment Surroundmg this new 
headquarters are a number of smaller, shedbke structures 
contammg, among other facilities, experimental models 
of new types of reactors, such as the Homogeneous Re- 
actor Experiment discussed in Chapter VIII Oak Ridge 
is also a center of research work leadmg to the develop- 
ment of on atomic engme for aircraft 

The largest buildmg on the laboratory grotmds outside 
of the headquarters houses the world-famed Oak Ridge 
reactor, producer of most of the radioisotopes that are 
shipped by the Atomic Energy Commission to all comers 
of the United States and the free world Near the reactor 
itself IS the distribution center for the radioisotope pro- 
gram, where the isotopes are separated, packaged, and 
shipped 

In addition to its many research, development, and pro- 
duction activities. Oak Ridge also is a major tra inin g cen- 
ter m the atomic energy field It is, for example, the home 
of the Atomic Energy Commissions Reactor Traming 
School It IS also the headquarters of the Oak Ridge In- 
stitute of Nuclear Studies, an organization of thirty lead- 
ing universities m fourteen southern states, the District 
of Columbia, and Puerto Rico The Institute operates sev- 
eral fellowship programs in atomic energy, arranges for 
faculty members of its associated mstitutions to perform 
research work with the Oak Ridge Laboratory’s special- 
ized equipment, and cames out the Atomic Energy Com- 
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constructed a fifty-bed cancer research hospital on the 
campus of the University of Chicago The hospital is op- 
erated by the Argonne National Laboratory It uses radio- 
isotopes from the Argonne reactors and has many unique 
facihties, includmg a betatron that can be used to apply 
beta rays directly to cancerous tissues Other cancer fa- 
cilities are located at BrooUiaven and Oak Ridge The pa- 
tients admitted to these hospitals come there on the 
recommendation of their physicians after all other treat- 
ments have failed Work on these cases is adding sub- 
stantially to the knowledge of the nature of cancer and 
the methods of treating it Although it would be impos- 
sible to say that a cancer “cure” has been developed 
through atomic energy, it is fair to say that the hves of 
many patients have been lengthened and made more com- 
fortable through treatment \vith nuclear radiations 

Other important medical research laboratones of the 
atomic energy program are located at the University of 
Rochester, New York, the University of California at Los 
Angeles, and the University of Cahfomia at Berkeley 
In addition, the Commission supports biological and med- 
ical research m several hundred universities and hospitals 
throughout the country 

Of all the problems facing the Atomic Energy Commis- 
sion, one of the most difficult is to determme just the nght 
amount that should be spent each year on research efforts 
of the type described in this chapter Recently a Con- 
gressman suggested that the Commission divide its re- 
search projects into three categories those sure to pay 
oS, those hkely to pay off, and those unlikely to pay off 
This simply cannot be done, and it would be dangerous 
to attempt it Yet there must be some intelligent way to 
determine what should be spent on this kind of activity 
and how Although it is probably impossible to produce a 
precise yardstick, there are a few facts and prmciples 
"which I beheve can and should serve as effective guides 
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m support of tlicm, literally thousands of research projects 
in physics, chemistry, metallurgy, biology, and medicine 
are under way in go\cmmcnt laboratories, universities, 
and private research institutions m all parts of the 
country In the field of metallurgy one of the leading cen- 
ters IS tlie Ames Laboratory, o\vncd largely by the gov- 
ernment and operated by Iowa State College in Ames It 
was this laboratory tliat developed the wartime process 
for producing pure uranium metal The laboratory actu- 
ally produced with its own equipment a substantial part 
of the uranium that was used m the first reactor built by 
Enneo Fermi 

Of all of the areas of atomic energy research, the one 
with perhaps the most direct and personal effect on man- 
kmd is that of biology and medicine The atomic energy 
program annually spends something over $20,000,000 a 
year on this hind of research It ranges all the way from 
studies of tlie survivors of the atomic bomb attacks on 
Hiroshima and Nagasaki to research witli successive gen- 
erations of fruit Abes that have been exposed to nuclear 
radiation One of the principal interests of the Atomic 
Energy Commission m this field is to protect atomic en- 
ergy workers from tlie harmful effects of nuclear radia- 
tions It IS a source of real pnde to the Commission that 
not one life has been lost because of overexposure to nu- 
clear radiation since the Commission took over the atomic 
energy program some six years ago 

But this IS only one of the Commission’s medical re- 
sponsibilities Equally important is the utilization of nu- 
clear radiations m the betterment of man’s health As one 
example, there is cancer Nuclear radiations and cancer 
are very closely related Radiations can cause cancer, help 
detect cancer, kill cancer, and help m gammg an under- 
standing of cancer 

In an effort to learn all that nuclear radiation can do 
m the war agamst cancer the Commission has recently 
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at best merely chipped them Yet there is every reason to 
believe that (he forces that work witlim the nucleus of an 
atom are as varied and complex as the many forces which 
cause our earth and the forms of life upon it to ebb and 
flow, to live and die 

The third pnnciple is that the machines with which 
man eyplores the inner universe of the atom are very 
costly, and that the government must foot the largest 
share of the bill to construct and operate them When we 
speak of an atomic energy laboratory, such as Argonne or 
Oak Ridge, we are speaking not sunply of a laboratory as 
we knew it in high school or college, with its racks of test 
tubes, Its intestmal-shaped mazes of glassware, and the 
ever-present and unpleasant odor of hydrogen sulphide 
We are speaking of equipment such as the cosmotron at 
Brookhaven, which cost four million dollars to build, the 
bevAtron at Berkeley which will cost nme million, and 
the Brookhaven reactor which cost twenty-five million 
We are speaking of laboratories which have annual op- 
eratmg budgets of many millions of dollars and which 
cost tens of miUions of dollars to build These are not the 
kmd of facihties that umversity or pnvate foundations can 
support This fact, then, must be considered when we de- 
cide how much shall go to the support of these govem- 
ment-built laboratones 

The fourth principle I would like to see recognized is 
that a very large percentage of both basic and applied 
research should be conducted, not in the great national 
laboratories of the Atomic Energy Commission or in in- 
dustry, but m our colleges and universities The Atomic 
Energy Commission now provides about $20,000,000 an- 
nually for this work This respresents one of the greatest 
financial assists which the colleges of this country have 
ever enjoyed, and one of the finest sources of talent avail- 
able to the atomic energy program Some educators have 
decried this trend and with some justification, for it has 
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First IS the principle that basic research (the quest 
for pure knowledge) must be treated with the same dig- 
nity and given the same encouragement as applied re- 
search (work toward a specific goal), and that there must 
be a hcaltliy balance between the two Some people are 
inclined to regard basic research as interesting but unpro- 
ductive, aimless rather than responsible, academic rather 
than practical, a luxury rather than a necessity It is easy 
to slip mto this frame of mind The physicist who is at- 
tempbng to determine the nature of a meson is less likely 
to intngue a layman than the scientists studymg woods 
which are most likely to resist termites But who can tell 
which is more likely to produce the more significant re- 
sults? Research, by definition, is the exploration of the un- 
kno^vn Yet if the area be unerplored or unknown, who is 
wise enough to predict what will come out of it? It is true 
that some research can be irresponsible, some of it can be 
httle more than a "boondoggle But whether it is a boon- 
doggle depends not upon whether it is basic or apphed, 
it depends upon the technical ability, integrity, and perse- 
verance of the researcher The simple historical fact is 
that the great atomic energy program of this country \vas 
produced almost overnight from the undramabc and un- 
sung research work of the ISStTs 
The second principle upon which I should like to see 
agreement is that, m the field of nuclear physics and its 
related sciences, we are in an area which is largely un- 
known, unexplored, and amazmgly devoid of basic in- 
formation It IS incredible but true that much of the atomic 
energy program is devoted to splittmg atoms and reapmg 
the product thereof for bombs, and yet we still know very 
little concemmg the nucleus of the atom we spht 
Yes, the scientists have identified the electron, the pro- 
ton, the neutron, and more recently the meson But this 
is only the begmnmg With all of our atom-smashmg par- 
aphernalia, we have never really smashed atomsi We have 
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SECimm and secrecy are not synonymous The first is an 
ultimate objective of the country, the latter simply one 
method used, and sometimes abused, in achieving it 
Security is the broad aim of the atomic energy program, 
and It means more, far more, than just the careful han- 
dling of documents, the adequacy of safes or fences, and 
the protection of the program against spies, saboteurs, 
and fools 

The Atomic Energy Act of 1946, the basic law under 
which the Atomic Energy Commission operates, states 
that the development and utilization of atomic energy 
shall be carried on “subject at all times to the paramount 
objective of assuring the common defense and security ” 
The Act is speaking here of security m the broad sense— 
as a synonym for strength and stability Thus interpreted, 
it becomes a directive to the Commission to operate with 
such enterprise, such encouragement of new ideas, and 
such imagination and boldness that the United States 
shall remain far out m front in the prosecution of atomic 
research, the acquisition of uranium ores, and the pro- 
duction of feed materials, fissionable materials, and weap- 
ons 

Secunty in this broad sense, therefore, is the Commis- 
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within itself the potential of government domination or 
control of academic pursuits But, good or bad, the eco 
nomic facts of life in our bme dictate the partial depend- 
ence of universities upon state or federal funds for sup- 
port of research There is no good evidence that a change 
can be anticipated Both the government and the citizen 
must always be on guard, however, to make sure that its as- 
sistance never becomes an instrument of dominance 
Grants should go where technically capable people are 
located, and, once awarded, there should be the least 
possible dictation ns to how the research is done 
A fifth principle which must be considered before one 
can intelligently determine the level of support for re- 
search in the atoimc field is that progress m science recog- 
nizes no international boundanes or special environments 
Attempts to monopolize it are mevitably m vain, and the 
greatest progress can be made only by tbe free exchange 
of information We shall never keep our leadership in the 
international scene by attempting to hold a basic fact of 
nature behind a cloak of secrecy We can keep our leader- 
ship only by relying upon our ingenuity, our engineering 
skill, our know-how, and our productive capacity to turn 
up new knowledge and put it to work I hope we shall 
never, under the slogan "economy’ or under the notion 
that we must "go practical, ’ so cut back our basic research 
program m this country as to lose our current but tenuous 
lead m the area of fundamental research "Secrets’ alone 
will never hold our lead for us— achievement is what is 
needed 
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ties, which would strengthen the atomic might of an un- 
friendly power In World War II we sought to keep this 
information from a Germany tliat had launched upon an 
atomic energy program of her own Today w'e seek, in the 
final analysis, to keep such information from the Soviet 
Union— and \vith very good reason 
The obvious way, then, by which the decision to keep 
somethmg secret can be made is to ask tlie question ‘AVill 
the release of this information substantially advance a po- 
tential rival?” If the answer is “}cs,” then it would appear 
that the "secret stamp” should be applied But there is an- 
other question that must be asked, too, and that is "\Vill 
keeping this information secret result m a substantial re- 
tardmg of our own progress^’ If the ans\ver is again 
"yes,” then the decision becomes one of balance Will the 
Russian program be advanced more than ours by the re- 
lease of this information?” 

As you can see, decisions of this sort are, to a large de- 
gree, matters of judgment, and often httle more than in- 
formed guesswork But one thing is certain E\ery time 
America decides to keep something secret we are running 
the risk of slo^vlng our own progress by severely narrow- 
ing the range of skills and experience that can be brought 
to bear on the problems involved It is just possible, I be- 
heve, that in our security policy we have often been so 
sure that secrecy meant safety, and so determined to tie 
the hands of a potential enemy, that we have on at least 
some occasions tied our o\vn This is the nsk of secrecy 
But it is a calculated risk that we must contmue to take, 
as carefully and as intelbgently as we can, for at least as 
long as we have reason to beheve that we are ahead of our 
competitors 

Roughly, atomic security falls into three mam parts 
First, personnel security— the protection of the program 
against untrustworthy people, second, physical security— 
the protection of our plants and laboratories agamst sabo- 
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Sion’s responsibility But secunty m the narrower sense— 
the protection of our secrets from theft and our property 
from harm— deserves a cliaptcr in this booh because it is 
one important means by which wc try to achieve total se- 
curity, and because one out of every four employees in the 
Atomic Energy Commission, one out of every twenty five 
of our contractors* employees, and probably as much as 
one out of every twenty dollars spent on operation of the 
atomic energy program arc devoted m one way or an- 
other to mamtaming it In addition, last year it requued 
about S25 man years of investigatory work on the part of 
the Federal Bureau of Investigabon 

More has been said and wntlen on this subject of atomic 
secunty than on almost any other phase of tlie atomic en- 
ergy program But much of it is quite worthless in solving 
the problem of how tight or loose secunty should be, what 
price we must pay or can afford to pay for it, and, more 
importantly, at what specific pointe in our program it 
should be apphed 

The abstract discussions about the good or evil of secur- 
ity that one generally hears are rather meaningless, so far 
as the central question that daily faces the Commission is 
concerned The question is simply this Precisely what are 
we trymg to keep secure, why, and at what cost? 

Unfortunately, the specifics are difficult to discuss pub 
Lely, for to describe the things the Commission feels 
should be denied to a potential enemy is to identify for 
him the very areas about which he wants most to know- 
such as where the Umted States has developed a speaal 
proficiency or heked a particularly tough problem at great 
cost and with significant results It has been said, and 
rightly so, that he who admits the possession of a secret 
has already half revealed it 

In general, however, what the Commission is trymg to 
do with its security program is to protect that informa- 
tion developed m the laboratones and processmg facih- 
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people who are considered to be bad security risks for any 
of the following reasons 

1 Disloyalty 

This includes spies, traitors, saboteurs, Communists, 
Fascists, subversives of all sorts, and those who have ob- 
jected to military service for other than religious reasons 

2 Bad or irresponsible character 

This includes criminals, alcoholics, drug addicts, homo- 
sexuals, the insane, the dishonest, those who liave demon- 
strated a habitual disregard for secunty regulations, and 
those who have falsified security questionnaires 

3 Bad or dangerous associations 

This includes those who ha\c established a close associ- 
ation w’lth spies, traitors, sub\ersivcs, or agents of un- 
fnendly governments, or who might be subject to threats 
or blackmail because close relatives reside in areas con- 
trolled bv unfriendly governments 
The Commission was the first agency to set fortli m its 
secunty cnteria that no one could be employed who was a 
homosexual A few managed to slide by m the selection 
process, but they have been fired as soon as discovered 
From one of these I learned how wise w as our rule 
“Never,” he said, "permit a homosexual in the program 
The opportunities for blackmail are too great I liav e never 
been approached by a blackmailer, but I have feared what 
I would do if I had been Don’t let them in, Mr Chair- 
man’ 

I know there arc some people who smeerely question 
the fairness of our exclusion of people because of their as- 
sociations Is this, then, really a fair consideration? Were 
not many very good people associated in the late 1930’s 
with organizations which at the time were nothing more 
than leftist or liberal? Obviously this is the case Associa- 
tion evidence must therefore be very carefully evaluated, 
and the Commission tries very hard to do this It has, for 
example, followed these prmciples in such evaluations 
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tage» theft, and vandalism, and third, document secmity 
— UiG protection of our secret papers against tlieft and un- 
friendly eyes 

Personnel security poses the most difficult problem of 
all— how to keep even a single rotten apple from entermg 
the AEC barrel So far llic Commission has been fortu 
nate Since the cmlnn Commission assumed its duties m 
January 1947, no person in the program has been charged 
with disloyalty, much less arrested, indicted, or convicted 
Tliose persons, such as Fuchs, Grcenglass, Gold, and the 
Rosenbergs, brought to the bar of justice m recent years, 
were wartime operatives whose enmes were not discov- 
ered until much later 

In spite of every precaubon the Commission may take, 
however, the law of averages suggests very strongly that 
somewhere m its vast program a traitor may appear What 
precisely, then, is bemg done to prevent this? 

First of all, the law requires that every employee of the 
Commission, and every employee of the Commission's 
contractors who has access to restricted data (information 
relating to the production of fissionable material and the 
making of weapons), shall be investigated by the Federal 
Bureau of Investigation, or by the new mvestigatorv of- 
fice of the Civil Service Commission, as to his character, 
his associations, and his loyalty Each of these investiga- 
tions takes from 55 to 100 days, depending upon the back- 
ground of the prospective employee, and each costs an 
average of about $200 In fiscal year 1952 there were 
nearly 90,000 such investigations, and when the files were 
examined by the AEC s security people about one per cent 
of the persons involved m these cases were denied em- 
ployment because of derogatory information that was 
turned up 

The Commission early set up its own entena for the se- 
lection of people for employment m the atomic energy pro- 
gram In general, these criteria are designed to exclude 
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so, nothing in his deportment, short of his actinl physical 
contacts with Russian agents— Inch could have been dis- 
covered only by constant shadowmg of him— would have 
raised the slightest suspicion 

Klaus Fuchs w’as a serious-minded bachelor, detached, 
retiring, shy, displaymg httle humor WHiile at Los Ala- 
mos he was much sought after as a b.ib) sitter He was un- 
usually competent m his field, a distinguished theoretical 
physicist who talked little of politics and world problems 
He was neither very much liked nor disliked, and he was 
actually not very well kmown to his colleagues 
Klaus Fuchs was a perfectionist, contemptuous of those 
who were not Interestingly enough, he w'as ouhvardly 
conscientious when it came to sccunty matters, and m de- 
classification conferences he took a fairly conscr\ative at- 
titude toward the release of technical information to the 
public He was meticulous m the handling of secret docu- 
ments and m maintaining high security standards m his 
own ofiice He had a methodical brain, and he possessed a 
high degree of self-composure Superficially he appeared 
to be one who abided by all of the rules of the game— the 
rules of the laboratory, the rules of the olBce— but basically 
he was beholden only to his own conscience 

But how was anyone to know what that conscience dic- 
tated^ What made it tick? How, under any possible inves- 
tigative procedure, could a revolutionary with such a con- 
science be spotted? 

To illustrate further the diflBculty of detecting the most 
dangerous traitors and spies, let us look at the case of 
Bruno Pontecorvo, onetime physicist m the Canadian proj- 
ect m Toronto during the war, and from 1949 until re- 
cently one of the top theoretical physicists at the Harwell 
Laboratory in England 

It may be recalled that Pontecorvo, on a sudden flight 
from Rome to Helsinki, via Stockholm, disappeared \vith 
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1 When an individual has become identified with an 
organization established as a “front” for subversive inter- 
ests, the personal views of tlic individual must be shown 
to coincide with or be sympathetic to the subversive line 
of the sponsor 

2 When an individual is identified with an organization 
Icnovvn to be infiltrated by members of subversive groups, 
there must also be evidence that the individual is a part 
of or sympathetic to the infiltrating element 

3 Wlien the close relative of an individual hves m a 
country controlled by an unfriendly government, the case 
must be carefully evaluated m the light of the risl^ that 
possible pressure could force tfie mdividual to reveal se- 
cret information or perform an act of sabotage 

4 When an mdividual has estabhshed an association 
with fnends, relatives, or oUier associates who have sub- 
versive mterests and associations, the association must be 
shown to be “close and conhnumg This means the mdi- 
vidual must hve on the same premises as his assocaate, or 
visit him frequently, or commumcate with him frequently 
by other means 

But what meanmg, one may well ask, would these meas- 
urements have had m the case of Klaus Fuchs, the master 
traitor, who, back in the early 1940 s, came into the war- 
time program with the Umted Kmgdom scientific team, 
certified as havmg the highest clearance of that country? 
If the present procedures, mcluding the FBI mvestiga- 
bon, had been m effect then, what would have happened? 
It IS hard to say He might, and he might not, have been 
allowed to participate iTns is arguable He would prob- 
ably have been suspect, m a way, for an investigabon of 
his background m Germany, where he had Communist af- 
fihabons, would have raised a quesbon 

Now let us assume for a moment that this quesbon 
might be passed and that he would have been cleared If 
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detected by a clever diagnostician, or guarded against by 
the erection of steel fences and the emplojincnt of guards 
who know' how to frustrate their unreasoning plots These 
are the ‘blunt” fanatics, and their very bluntness gives 
them aw ay 

Also easier to spot arc the vocal ideological tjpes who 
for one reason or another arc detractors of our democratic 
mstitutions but who, unlike the fanatic, simply want an 
outlet, an opportunity to speak, and most of all an audi- 
ence For these people the H}de Park treatment and a 
soapbox audience usually suffice It is in this group that 
we find many of the association cases— the ]omcrs of front 
organizations— and the question is always “Is he simply a 
jomer or a wcll-motivatcd reformer, or is he, on the other 
hand, something more dangerous, a potential Fuchs?” /U- 
though It IS often hard to determine tlie real motives of 
these people, it is not hard to discover them 

The mechanics for locating an undesirable are essen- 
tially these 

Before anyone may secure a clearance from tlie Com- 
mission for access to classified atomic information he must 
first fill out a Personnel Security Questionnaire, a “PSQ 
This IS a form which contains some score or more ques- 
tions, covering such topics as membership in Communist 
organizations A he here could mean a perjury prosecu- 
tion One therefore hesitates to he 

Next comes the background investigation by the FBI 
This mcludes a check of the individuals file, if any, in FBI 
headquarters and other law-enforcement agencies, to- 
gether with an intensive investigation by FBI field agents 
into all of the past associations of the individual, mcludmg 
interviews with people who have loiowm him Under a re- 
cent change in the law, a substantial number of these m- 
vestigations will be conducted by a new mvestigatory of- 
fice set up m the Civil Service Commission, but the FBI 
will continue to do a large share of the work, particularly 
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his %\ife and two duMren, probably behind the Iron Cur- 
tain He was presumably motivated by a desire to assist 
the Russian atomic energy project 

Bruno Pontccorvo was an entirely different type of per- 
sonahty from Fuchs, but one that would perhaps be even 
more difficult to detect in any investigative procedure He 
was a man with a complete absence of fanaticism and 
moral gloom Unlike the mousy, retiring Fuchs, Ponte- 
corvo was an extrovert He was carefree, gregarious, hand- 
some, and atliletic And at the same time he uas an able, 
respected, and imaginabvc scientist A thorough mvestiga- 
tion of Pontecorvo’s background would have revealed 
something that he never particular!) tried to hide, namely, 
that lus brother in Italy was a Communist And yet, from 
his demeanor and from anything he ever said or mote, one 
would suspect Bruno Pontecorvo least of all the scientists 
gathered at Har^velI 

Different as they may be in personahty, both Fuchs and 
Pontecorvo fall mto a category of undesirables which ate 
the most difficult to detect Such people are drawn by an 
ideology to find tliat spot from which they can most effec- 
tively commit a traitorous act They are smart, they are 
blessed with education, they are self-controlled No party 
cards for them, no foolish acts, and no rules and regula- 
tions otlier than the rules and regulations and loyalties of 
their own creed And yet they will appear superficially to 
abide by all the rules and regulations of the society m 
which they live, there is no evidence of the revolutionary 
m their day-to-day acts 

These are the people, of course, who can do us the most 
harm They are also the people whom we are least likely to 
suspect Being smart, composed, and plausible, they will 
quietly seek their place and bide their time 

Most of the oUier categones of dangerous people are 
easier to guard agamst—for example, the mentally de- 
ranged, the overt fanatic, the assassin These can either be 
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The harder cases simply do not fall into a clearly black 
or white area, how'e\cr Rather tliey fall into a grey area, 
and some of them consequently are extremely difficitlt to 
evaluate In the final analysis, howcv'cr, the doubt is re- 
solved in favor of the government, not tlie appheant, on 
the theory that government serx'ice is not a nght that every 
citizen enjoys, but a privilege Resolving the doubt in tins 
way, however, places a heavy responsibiht)' upon those m 
the Commission to make a completely fair evaluation, and 
to see to it tliat in the process people's reputations are not 
damaged needlessly 

I say this, subscnbing fully to the warning of Artliur 
Schlesinger, Jr 

‘There are spies and there are victims of gross injustice, 
the problem is to preserve an atmosphere m which effec- 
tive judicial determinations as to which is which can be 
made There is no easy answer to this conflict of 
principles between civil hberties and national security m 
the field of government emplo>'ment The practical results, 
then, must depend (too much for comfort) upon the re 
straint and wisdom of individuals If we cannot handle 
this conflict of principle soberly and responsibly, if we 
cannot rise to the world cnsis, then we lack the qualities 
of greatness as a nation, and we can expect to pay the price 
of hysteria or of paralysis Civil liberties do not deny so- 
ciety its nght of self-protection They only make sure that 
this right is used, not to punish dissenters or to flail at 
nightmares, but to ward off real dangers to the common- 
wealth ” 

There are a few persons who are not mvestigated before 
they are permitted to have access to secret atomic infor- 
mation These include the President, members of Con- 
gress, Presidential appointees, and the agents of the Fed- 
eral Bureau of Investigation who make the mvestigations 
It seems implicit in die law that such people need not be 
mvestigated. 
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where a question arises, or where the individual being in- 
vestigated will have access to particularly sensitive infor- 
mation 

Any derogatory information turned up by the bacl^- 
ground investigation is evaluated by the security officers 
of the Commission’s field offices, and their recommenda- 
tion is forwarded to tlie appropnate AEC field office man- 
ager If the manager decides that clearance should be de- 
nied, tlie mdividual concerned has the right to request a 
review of his case by a local Personnel Secunty Review 
Board composed of persons of the manager’s choosmg The 
individual may appear before the Board, may submit evi- 
dence to it, and may be represented by counsel if be 
wishes The local AEC manager then mahes a new deter- 
mination based on tlie recommendation of this Board If 
again the clearance is domed, the individual may^ appeal 
for another review by tlie Commission’s mam Personnel 
Secunty Review Board, wluch is responsible directly to 
the Commission’s General Manager and is composed of 
leading experts from outside the program After this re- 
view the Commission’s General Manager makes a deter- 
mination which IS final 

In all of its considerations having to do with personnel 
secunty cases, the Commission follows this general prm- 
ciple 

‘The decision as to secunty clearance is an over-all 
common-sense judgment, made after consideration of all 
the relevant information as to whether or not there is risk 
that the granting of security clearance would endanger 
the common defense and security If it is determined that 
the common defense and secmity will not be endangered, 
secunty clearance will be granted, otherwise, security 
clearance will be denied ” * 

• Cntena for Delenruning Eligibihty for Personnel Security Clear- 
ance,” Appendix 8 page 188 FifA Seim Annual Keport of the Atonuc 
Energy Commission to Congress of January 1949 
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Many of our installations, liowevcr, are fenced One of 
them IS the Argonne Laboratory operated for us by the 
University of Chicago Two years ago a young radio com- 
mentator, in search of a stor)% sat dovsm and wrote one— 
in advance of the occurrence In lurid detail, and m an ef- 
fort to demonstrate tlic laxncss of security in the labora- 
tory, he \vrote, before the event, a stor}' of his successful 
attempt to chmb the perimeter fence, evade the guards, 
and enter "the hot area, the special security area, of a vast 
atomic research project ” 

He was a little premature The text of his sensational 
story had to be modified, for as lie dropped to the ground 
after scalmg the high barbed penmcler fence he w as taken 
into custody— an ignominious finale to his prank He is, it 
need scarcely be said, rather fortunate to be alive today 
If this prankster had, by some chance, been able to 
elude the perimeter guards, and if he had been able to 
elude the other sentries and alarms around the building he 
XMshed to enter, he might have made his way to a room 
where there would have been nothing of a secret nature 
except that locked securely in heavy metal safes Never- 
theless, for public-relations reasons, if for no other, the 
Commission was quite happy that the fence had been 
high, that bathed wire had lined the top of it, and that an 
alert guard had caught the intruder as he dropped to the 
ground 

Physical security of our plants and laboratories is pn- 
manly maintamed to prevent sabotage where sabotage 
would be really costly, and to prevent theft of materials 
and documents of value— much the same reasons wliy a 
jeweler bars his wmdows Bombs in storage and our 
stores of plutonium and uramum-235 naturally require the 
highest and the tightest security, for they not only have 
great value mtrmsically, but, once seized, could be turned 
against us in the form of weapons As we work backward 
through the production line, therefore, from bombs to fis- 
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Let's turn now to another phase of security— what we 
know as “physical security' This has to do with guards 
and fences and locks How tiglit should this kind of se- 
curity be? A sensible ansNver can only be found by constant 
examination and rc-cxammation of the question “What’s 
mside tlie fences, and whom do we want to keep out?” 

It IS well to remember that some fences have come 
down The town of Oak Ridge, for example, was until 
1949 a “closed city ” Today it is as open as New York or 
Peoria The town of Richland, winch houses the people 
who work at the Hanford plutonium plant, was never a 
closed city Perhaps someday this same procedure can be 
followed safely at the other atomic town, Los Alamos, for 
the new laboratory there, built since the war, is removed 
from the commercial and residential areas But tliat time 
has not yet arrived, for there is still a technical area close 
to tlie heart of the town 

To illustrate the kind of question witli which the Com- 
mission IS daily faced, it was at one time proposed that the 
entire Nevada provmg-ground area, where atomic weap- 
ons are tested, be fenced in This would have called for 
some 115 miles of fence at a cost of about $200,000 ‘But 
why?’ we asked ‘ Is it to keep out Soviet agents?” There 
are better ways to do this ‘Or is it to keep out the curious 
who might get m the way or be hurt?” Tlie area is posted 
and it IS well patrolled when it needs to be “Or is it to 
prevent cattle from entering the contaminated area?’ The 
risk of cattle becoming harmed, and the number of such 
cattle that might be harmed, had to be carefully evalu- 
ated, of course, m the light of the cost involved Certainly 
we did not want to fall into the trap of fencing simply to 
give the appearance of security, although at times tliere is 
a temptation to do exactly that In the end, we did not put 
up the fence We put up small fences around certain areas, 
but we determmed that the cost of fencing the whole area 
was not justified 



Secrecy, Security, and Spies 239 

Many of our installations, however, are fenced One of 
them IS the Argonne Laboratory operated for us by the 
University of Chicago Two years ago a young radio com- 
mentator, in search of a stor)% sat dovTi and \vrote one— 
m advance of the occurrence In lurid detail, and in an ef- 
fort to demonstrate the laxncss of secunty in the labora- 
tory, he wrote, before the event, a stor) of his successful 
attempt to climb the perimeter fence, evade the guards, 
and enter "the hot area, the special security area, of a vast 
atomic research project ” 

He uas a little premature The te\t of his sensational 
story had to be modified, for as he dropped to the ground 
after scalmg the high barbed perimeter fence he was taken 
into custody— an ignommious finale to his prank He is, it 
need scarcely be said, rather fortunate to be alive today 
If this prankster had, by some chance, been able to 
elude the perimeter guards, and if he had been able to 
elude the other sentries and alarms around the building he 
wished to enter, he might have made his way to a room 
where there would have been nothing of a secret nature 
except that locked securely in heavy metal safes Never- 
theless, for public-relations reasons, if for no other, the 
Commission was quite happy that the fence had been 
high, that barbed wire had lined the top of it, and that an 
alert guard had caught the intruder as he dropped to the 
ground 

Physical sccunty of our plants and laboratories is pri- 
marily maintained to prevent sabotage where sabotage 
would be really costly, and to prevent theft of matenals 
and documents of value— much the same reasons why a 
jeweler bars his windows Bombs in storage and our 
stores of plutonium and uranmm-235 naturally require the 
highest and the tightest secunty, for they not only have 
great value intrmsically, but, once seized, could be turned 
against us m the form of weapons As we work backward 
through the production line, therefore, from bombs to fis- 
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sionnbic material, through feed materials to ore, security 
generally may be said to require less effort-fewer fences, 
fewer guards, and less money Tlic day we lose sight of 
this IS the day we will weigh oursches down with the 
armor of security to tlie point where it wall seriously ham 
per our work Security, therefore, is not an abstract prob- 
lem, but a very real, a very practical, a very specific, and 
a very fluid problem 

I recall one instance some time ago when a gentleman 
wlio was a member of Congress became concerned about 
the effort the Commission was making to keep track of fis- 
sionable materials He thought it might be improved As I 
remember, lus conversation w'lth one of the members of 
the Commission staff went something like this 

"Do you really know eraclly how much fissionable ma 
tenal you have in process m tliat plant?" 

‘We have a good idea, smee we know how much we 
put m ** 

"But do you know how much is actually in process in 
the plant?” 

"No It doesn’t come out until many months later We’d 
have to shut the plant down to find out, and that would 
take time, and production would be lost ’ 

"Well, suppose you shut the plant down once every 
month and took inventory, just exactly how many days of 
production would you lose each month?” 

"About forty-five ’ 

I tell this story only to give an extreme example of a 
place where a Ime had to be drawn because the cost of se- 
curity far exceeded the value Actually, the real cost of 
security is almost impossible to measure One can add up 
the number of guards, the cost of the fences, the cost of 
safes, the number of people who keep tabs on fissionable 
material and documents, but this is only part of the cost— 
the cost that can be seen Here are some examples of this 
land of cost 
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Of the 7,300 people employed dircetK bt the Atomic 
Energ> Commission at the end of 1952, 1,700 of them uere 
engaged m secunt> work— as guards, supervisors, mvesti- 
gators, or evaluators 

Among the Commission’s contractors, about 6,000 peo- 
ple were engaged in secuntv work of one kind or another 
Xearl) 200 people were engaged, either part or full- 
fame, m the review of documents to determine what 
needed to be held secret and what did not 
About 300 people were involved direcUv and on a full- 
time basis in keepmg tabs on the w hereabouts of the Com- 
mission s more than a million classified documents 
Over 400 people were engaged m keeping the most pre- 
cise kind of records on the fissionable matenals— uranium- 
2.i5 and plutonium-m the possession of the Commission 
and Its contractors The cost of this ‘'fissionable material 
accountabditv” runs m excess of $2,000,000 per vear 
At just one location— Oak Ridge— there exists more than 
$100,000 worth of fencing But such items are onlv the tan- 
gible ones, the costs of secuntv that can be seen and iden- 
tified There is no wav to calculate such other costs as the 
fame devoted b) nearly everx Commission secretary to the 
task of checking secret documents in and out, the time 
consumed bj workmen in keeping records of fissionable 
material passmg through their hands, and the bme and 
monev lost bj a scientist who needs some matenals or m- 
formation for a project that he can tell no one abouL 
If we could be certain that the mtentions of other world 
powers were now, and would forever remain, peaceful, 
our current strenuous effort to protect sensitive informa- 
tion w ould represent a waste of energj , bme, and mone)' 
Secrecy would be unthinkable But we have no such as- 
surance, and, in the present state of the world, an atomic 
^erg) program without strong secuntj around its vitaHj 
sensib\ e areas would be nothmg short of fooIhard_j 
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The International Atom 


The atom knows no nationality, race, or ideology It >vill 
go about its sometimes producbve, sometimes destructive 
work just as loyally for a Russian, a Pole, or a Chinese as 
it will for an Ainencan, a Bnlon, or a Frenchman And it 
will turn agamst any of these with equal ferocity if it is 
mishandled or deUberately used as a weapon 

The atom obeys only one set of laws— the laws of phys- 
ics And man’s masteiy over the atom is durectly propor- 
tional to his comprehension of these laws, which are not 
yet fully imderstood anywhere m the world The real “top 
secrets” in atomic energy are those that are still held by 
nature Every now and then the scienfasts of one nation or 
another wrest a new secret from nature, either by accident 
or by dmt of great effort When this occurs, the nation that 
discovers the new infonnabon may lock it m a safe and 
disclose it only to those it considers to be loyal and trust- 
worthy But nature herself remains a 'security risk that 
cannot be conbolled The secret that has been learned by 
one may be learned by another It takes brains, knowl- 
edge, experience, skill, and resources, but these are not 
the exclusive possession of any one nabon or any one 
group of nabons 

I sometimes think that We in America are a little in- 
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clined to believe that each atom bears the inscription, 
“Made in U S A except those that have been stolen from 
us, and that m diese cases the "USA” has been scratched 
out and the letters "USSR' etched in If it is fair to say 
that a myth, has grown up m this country in the field of 
atomic energy, I thmk the mylli would go something like 
this 

“Atomic energy x\as discovered and first developed m 
the United States m secret dunng World War 11 Although 
we are still ahead m the field, the Russians, with tlic help 
of traitors, successfully stole enough of our key secrets 
during the war to develop a program of their own and 
are now hot on our heels Our allies, the British, because 
some of their scientists came over to help us with our war- 
time program, also know something of these matters, but 
are actually runmng a very poor third " 

At the very best, this is a ghb oversimplification of 
the history of atomic energy development The American 
atomic energy program is the product of international sci- 
ence and the free interchange of scientific ideas and infor- 
mation— a free interchange that ceased in 1940, for very 
good reasons, and has never been fully resumed 
Under no circumstances can it be said that the atom is 
a native-born American The most that can be said is that 
It IS an immigrant of mamly European lineage that has 
taken out its first papers over here If it were possible to 
set a precise date when the atom immigrated to this coun- 
iry, I would say it was January 16, 1939, when Niels Bohr, 
the emment Danish physicist, amved in New York with 
the news that two scientists in the Kaiser Wilhelm Insti- 
tute in Berlin, Hahn and Strassmann, had split the ura- 
nium atom 

Until then the atom had been mainly m the competent 
care of such distmguished Europeans as 

Becquerel, of France, who iscovered radioactivity in 
1896 ^ 
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Pierre and Nfanc Curie, of France, who discovered the 
radioactive element, radium, in 1898 

Rutherford, of England, who developed the theory of 
the nature of radioacbvity m 1902, discovered the atomic 
nucleus in 1911, and dismtcgratcd the first atom by artifi- 
cial meins in 1919 

Emstem, of Germany, who developed the tlieory of the 
equivalence of mass and energy (meaning that matter can 
be transformed into energy as in an atomic bomb) m 
1905 

Bohr, of Denmark, who developed the theory of the na 
hire of atoms m 1913 

Cockcroft and Walton, of England, who m 1932 expen- 
mentally proved Einstems theory of the equivalence of 
mass and energy 

Chadwick, of England, who discovered the neutron m 
1932 

Joliot and Ir^ne Curie, of France, who first produced ra- 
dioisotopes artificially m 1933 

Fermi, of Italy, who first used neutrons to bombard 
atomic nuclei m 1934 

All of this was necessary prehnunary work to the dis- 
covery by Hahn and Strassmann m Berlin, m late 1938, 
that it was possible to break up the uranium atom by bom- 
barding it with neutrons In early January 1939 the two 
scientists announced their highly significant discovery to 
the world m the German scientific pubhcation, Naturwis- 
senschaften Tlius Adolf Hitler, for a brief moment, had 
withm his exclusive grasp the means for world conquest 
he so dearly sought But it got away from him— and it got 
away at least partly because his irrational racial and po- 
htical pobcies had dri\ en from Germany the brams that 
might have recognized the full potentialities of the new 
discovery, convinced the government of its possibilities, 
and won for the Third Reich the world race for the atomic 
bomb 
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Ironically, two of the scientists who most clearly recog- 
nized the significance of Hahn and Strassmann s discovery 
were the Germans Lise Meitner and Otto Frisch, both of 
whom were working in the laboratory of tlie eminent Niels 
Bohr in Copenhagen as refugees from Nazi tyranny It was 
they who first guessed that the splitting of the uranium 
atom released tremendous amounts of energy, and who 
also first proposed the name “nuclear fission” for the 
process mvolved Thus Bohr, who was about to embark 
upon a tnp to the United Stales to compare scientific 
notes with his old friend Albert Einstein (also a refugee 
from Hitlers idea of Utopia), was provided with some 
real news to bring with him on his trip to the New 
World 

The news Bohr brought to the United States fell on m- 
terested and knowledgeable ears Among those who lis- 
tened with avid mterest was the great Itahan physicist 
Enrico Fermi, who by now was at Columbia University, 
having been made unwelcome in his homeland by the 
shortsighted policies of Hitlers Fascist friend and would- 
be partner in world conquest, Benito Mussolini Fermi 
was among the very first to recognize the possibility of a 
nuclear cham reaction m uranium— the reaction which has 
subsequently made possible the atomic bomb, atomic 
power, and the large-scale production of radioisotopes 
And it was Fermi who, three years later, built the world’s 
first nuclear chain-reacting pile in the squash court be- 
neath the west stands of Chicago’s Stagg Field, and thus 
opened the portal mto the atomic age 
As soon as the news of fission reached the United 
States, Hahn and Strassmanns experiment was repeated 
and confirmed at Columbia Umversity, Johns Hopkms 
University, the Carnegie Institution of Washington, and 
the Umversity of California And, with Fermi and another 
European refugee, Leo Szilard of Hungary, takmg the 
lead, it was only a matter of weeks before conclusive evi- 
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dence of the following basic and highly significant facts 
had been developed 

1 Tliat uranium atoms could be made to spht in two 

2 That great quantities of energy were released in the 
process 

3 Tliat neutrons were produced in tlie fission process 
that in turn could split other uranium atoms and thus set 
up a nuclear cliam reaction 

Bolir, who remained in the United States from January 
imtil May of 1939, aided in the rapid accumulation of 
knowledge during this period by devclopmg with John 
Wheeler of Prmcelon a theory Aat subsequently led to 
the demonstration of the special susceptibihty of uranium- 
235 and plutonium to fission 

But world leadership m the atomic energy field had 
not yet shifted to the New World News of Hahn and 
Strassmann’s experiment had also spread across Europe, 
particularly to Ae laboratory of Fr^ddnc Johot in Pans, 
who, together with his colleagues Kowarsfa and Halban, 
was independently and almost simultaneously dupheatmg 
much of the work bemg done m the United States, and 
reaching the same conclusions Fnsch m Copenhagen also 
independently confirmed the results obtained by Hahn and 
Strassmann m Berlm And it is significant that, durmg 
this same period of mtense activity m the laboratones of 
Europe and America, two Soviet scientists, Flerov and 
Petrazhak, announced their discovery of the phenomenon 
of spontaneous uranium fission in the USSR 

The results of all of this work were freely published 
Thus it was that by mid-1939 all the world had the essen- 
tial fundamental information upon which to base an atomic 
energy developmental program for war or peace 

How, then, was it that the United States, uniquely 
among all the nations of the world, got into the bomb busi- 
ness durmg World War II? Perhaps the best answer to this 
quesbon is contamed m the following letter, wntten Au- 
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gust 2, 1939, from Professor Albert Emstem to President 
Roosevelt 


Albert Einstein” 

Old Grove Road 
Nassau Point 
Pecontc, Long Island 
August 2ndj 1939 

F D Roosevtxt 
President of the United States 
White House 
Washin^on, D C 

Sm 

Some recent work by E Fermi and L Szilard, 
which has been communicated to me in manuscript, 
leads me to expect that the element of uranium may 
be turned into a new and important source of energy 
m the immediate future Certain aspects of the situ- 
ation which has arisen seem to call for watchfulness 
and, if necessary, quick action on the part of the Ad- 
mmistration I beheve therefore that it is my duty to 
brmg to your attention the following facts and recom- 
mendations 

In the course of the last four months it has been 
made probable through the work of Johot in France 
as well as Fermi and Szilard in Amenca— that it may 
become possible to set up a nuclear cham reaction in 
a large mass of uranium, by which vast amounts of 
power and large quantities of new radium-hke ele- 
ments would be generated Now it appears almost 
certam that this could be achieved m the immediate 
future 

This new phenomenon would also lead to the con- 
struction of bombs, and it is conceivable— though 
much less certam— that extremely powerful bombs of 
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a new type may Uius be constrvicted A single bomb 
of this type, earned by boat and etploded m a port, 
might very well destroy the whole port together with 
some of the surrounding territory However, such 
bombs might very well prove to be too heavy for 
transportation by air 

The United States has only very poor ores of ura- 
nium in moderate quanlllics Tliere is some good ore 
in Canada and the former Czechoslovakia, while the 
most important source of uranium is Belgian Congo 

In view of this situation you may think it desirable 
to have some permanent contact mamtamed between 
the Administration and die group of physicists work- 
ing on chain reaction in America One possible way 
of achievmg this might be for you to entrust with this 
task a person who has your confidence and who could 
perhaps serve m an inoOicial capacity His task 
comprise the following 

a) to approach Government Departments, keep 
them informed of the further development, and put 
forward recommendabons for Government action, 
giving particular attention to the problem of securing 
a supply of uranium ore for the Umted States, 

b) to speed up the ecperunental work, which is at 
present being earned on withm the limits of the budg- 
ets of University laboratories, by providing funds, if 
such funds be required, through his contacts with pn- 
vate persons who are willing to make contnbutions 
for this cause, and perhaps also by obtaining the co- 
operation of industnal laboratones which have the 
necessaiy equipment 

I understand that Gemiany has actually stopped 
the sale of uranium from the Czechoslovakian mines 
which she has taken over That she should have taken 
such early action might perhaps be understood on the 
ground that the son of the German Under-Secretary 
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of State, von Weizsacker, is attached to the Kaiser- 
Wilhelm-Institut in Berlin where some of the Ameri- 
can work on uranium is now being repeated 
Yours very truly 
/signed/ A Einstein 

{Albert Einstein) 

It IS worth noting, I beheve, that tins letter was insti- 
gated by a small group of foreign-bom U S physicists 
centermg on Leo Szilard, Eugene Wigner, Edward Teller, 
V F Wcisskopf, and Enneo Fermi, and that it was deliv- 
ered to President Roosevelt by the Russian-bom New York 
economist Alexander Sachs These same scientists also 
pressed among their colleagues for the voluntary restric- 
tion of publication of articles m the field of nuclear fission, 
an objective which was accomplished, after some reticence 
on the part of Johot of France, in April 1940 
As a result of Sachs’s visit to Roosevelt with the letter 
from Einstein, an official three-man ‘ Advisory Committee 
on Uranium’ was appointed The functions of this group, 
enlarged and strengdiened, were later taken over by the 
National Defense Research Council, the Office of Scientific 
Research and Development, and ultimately, in May 1943, 
by the Manhattan Engineer District of the U S Army 
Thus the American atomic energy program was launched 
on a voyage that has taken it to Chicago and the first 
nuclear chain-reacting pile, to Alamagordo and the first 
atomic bomb, to Idaho and the first experimental produc- 
tion of nuclear power, and to plants and laboratories all 
over the country where weapons are developed and tested, 
where radioisotopes are in use, and where power plants 
for submarmes, aircraft, and commercial power produc- 
tion are being developed— to a considerable extent behmd 
a tight wall of official secrecy And, encouragmgly, it has 
been a voyage captained in large part by such leading 
Amencan scientists as Walter Zinn and Alvm Weinberg 
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(reactor development), J Robert Oppenhcimer and Nor- 
ris Bradbury (weapons research), Glenn Seaborg (trans- 
uranic elements), Frank Spcdding (metallurgy), and Er- 
nest O Lawrence (high energy particles) Zinn and 
Spcdding, interestingly, were bom in Canada 

In Western Europe, os tlie lights went out in Denmark, 
m Norway, in tlie Low Countries, and in France, atomic 
energy research work ground to a halt almost everywhere 
but in Britam and Germany In Bntam it contmued until 
1943, when the government voluntanly closed down its 
atomic energy program and transferred its key scientists 
to Oak Ridge, Los Alamos, and Berkeley in the United 
States to assist m the rapid development of the atomic 
bomb far from the sting of the Luftwaffe Shortly after the 
Hiroshima explosion, the Bntish government, m a state- 
ment on atomic energy, said 

“The effect of these transfers was to close do^vn 
entirely all work m the Umted Kingdom on the electro- 
magnetic process and to reduce to nothing the nuclear 
physical research Nevertheless, there is no doubt that this 
was the proper course to follow in the hght of the decision 
which had been taken to give the highest pnonty to the 
production, m the shortest tune, of an atomic bomb for use 
in this war ” 

While this all-out, mtegrated program was bemg car- 
ried on by the Umted Stales and Great Bntam, jomed by 
Canada, the Germans were acquinng considerable quanti- 
ties of heavy water from captured Nor\vay and were ap- 
parently usmg it in a nuclear research program of their 
own Actually, we found out later that Aey were far be- 
hind the pomt we beheved they had reached But they 
sbll had a good deal of scientific talent, and they had a defi- 
nite mterest m heavy water Except for the cold water that 
Hitler poured on their heavy-water program, Germany 
might have caught up with us before the end of the war 
But Germany didnt, and the end of the ^^ar brought an 
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end to her atomic energy program, such as it was, as 
well 

The conclusion of World War II, then, partly because of 
our prodigious investment of time and money and skills, 
partly because of tlie assistance of Bntam and Canada, 
and partly because of the engmeenng and scienbfic genius 
of our own people, found the United States well ahead of 
the rest of ^e world m atomic development The end of 
the war also witnessed the departure of the scientific mis- 
sions from England and Canada to their o\vn countries to 
develop their own programs With tlie exception of some 
exchanges of information not having to do with weapons 
or power plant development, they have worked since the 
war separately and apart 

But we should never get the idea that World War II 
placed atomic energy development in a state of perma- 
nently suspended animation throughout the world, with 
the United States well m the lead and everyone else per- 
petually behind Monopoly of scientific discovery and 
progress is a virtual impossibihty, and there are many 
countries besides the United States that possess the four 
basic mgredients of a successful atomic energy program 
raw materials, scientific abihty, mdustrial resources, and 
the will to progress 

It IS not generally realized in the Umted States that 
most of the major countries of the Western World have 
launched national atomic energy programs since the war’s 
end m 1945, some drawing on the fimts of their own sci- 
entific past, and all drawing on the extensive non-secret 
knowledge that has been placed in the public domam 
from the wartime program of the Umted States, Great 
Britain, and Canada And those few nations that have no 
program for atomic energy production and development 
almost mvanably exercise close control over raw materials 
in the expectation that they will be needed at some fu- 
ture date 
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Only three countries now have atomic weapons pro- 
grams, or are now capable 0/ manu/acturing the necessary 
ingredients of atomic bombs in quantity These are the 
United States, Great Britain, and Btissia Two additional 
countries, Canada and France, will, witlim the nett few 
years, have nuclear reactors tliat can produce rather sig- 
nificant amounts of plutonium, from which atomic weap- 
ons can be made Tins docs not mean Uiat no other coun- 
try now has or will ever have reactors, tlio basic tool of an 
atomic energy program Bcseirch reactors arc already in 
existence m France, Canada, and Nortvay (which has a 
joint program witli tlie Netlierlands), and others are un- 
der constniction in Belgium and Sweden It is safe to pre- 
dict, I think, that the nett five years will see research re- 
actors built and in operation m at least a dozen countries 
of the world 

Although the United States and Great Britain keep their 
work on weapons, fissionable materials, and power reac- 
tors almost entirely secret, most of the world’s free na- 
tions, including Britain and the U S , have helped one an- 
other to obtaui the necessaiy knowledge, materials, and 
equipment for basic atomic energy research progress, and 
for the development of peaceful applications m such fields 
as medicine and agriculture An example of the kind of 
co-operabon behveen nations that is beginning to speed 
the resurgence of European science is the new ten-nation 
scientific organization known as the European Council for 
Nuclear Research, which is undertaking to bmJd a Central 
European Research Laboratory in Switzerland, on the 
French-Swiss border near Geneva The Council was 
formed last year under the auspices of UNESCO, and its 
work IS being earned on with some technical assistance 
from Great Bntam and the United States 

The member nations of the Council are Belgium, Den- 
mark, France, Italy, die Netherlands, Nonvay, Sweden, 
Switzerland, West Germany, and Yugoslavia Great Brit- 
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am plans to join m tlie near future The Council’s active 
ties are being entirely supported by the member nations^ 
and are being carried on under four working groups 
headed by Niels Bohr of Denmark, Odd Dahl of Norway, 
C J Bakier of Holland, and Leo KowarsVi of France As 
two of its first orders of business, the Council plans to 
erect at the Central European Research Laboratory a 30- 
bilhon-electron-volt cosmotron and a 600-milhon-voIt syn- 
chrocyclotron to probe tlic mysteries of atomic nuclei I 
think it IS pertinent to mention that the lessons learned in 
the construction of the cosmotron at our o\vn Brookhaven 
National Laboratory (which is but a 3-billion-volt ma- 
chine) are being made available to llie Europeans At 
present the Council has no plans for a reactor, but many 
of its member nations either now have or plan to build re- 
actors of their oivn in the near future Tlie idea of the 
Central Research Laboratory is not to dram off, but rather 
to build up, the quahty of research m each individual 
member nation 

There are many reasons why a nation may wish to un- 
dertake an atomic energy program even though it has no 
intention of ever makmg an atomic bomb One of these is 
national pnde Another is the desire to produce atomic 
power to supplement or supplant the other, more orthodox 
sources of power, and possibly to propel ships Still an- 
other IS the need for radioisotopes for medical and indus- 
trial apphcations But in every case there is also a desire 
to provide research facihties to hold and stimulate the m- 
terest of young scientists Most of the smaller countries of 
the world have been concerned with the problem of keep- 
ing their bright young men at home With relatively Lm- 
ited opportunities for research work, and consequent ad- 
vancement and recognition, the young scientists of the 
smaller countries have had a strong incentive to leave for 
the larger research centers outside their own borders And, 
particularly m those countries which suffered war^s de- 
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struction, frustration, and Iiardship, tlicre has been a nota- 
ble tendency for the younger men to leave for the New 
World 

In the years whicli he ahead, the United States must 
face up to and resolve the problem of what its long term 
relationship to these fast-growing foreign programs will 
be Should we encourage and assist them, or should we re- 
main aloof and alone? And if \%c do assist them, should we 
do so to the extent of encouraging them to spend the vast 
sums tliat arc necessary for the facilities m which weapons 
and weapons materials arc made? 

Before attemptmg to answer tliese and related ques- 
tions, it would be belpful, I tlimh, to examine rather 
closely what is being done m each country, together wth 
some of the historical background that helps to explain 
why it has reached the position it occupies today 

United Kingdom 

Britain is the land of Rutherford, Soddy, Cockcroft, Wal- 
ton, and Chadwick— all great names in the histoiy of nu- 
clear researcli Moreover, the English institutioas of higher 
leanung, such as Oxford, Cambridge, Birmingham, Liver- 
pool, Bristol, and Kmg’s College have been centers of re- 
search and training m science and tecluiology for genera- 
tions The consistently fine quahty of British science is 
amply attested by the fact that more Britons have won 
Nobd prizes in physics than the scientists of any other 
nabon, and the bght httle isle” has stood vety near the 
top m chemical and medical awards as well 

Bntam temporanly suspended her own atomic energy 
development m 1943, when she sent most of her top 
atomic scienbsts to North Amenca to work jomtly ivith 
the United States and Canada m the development of the 
atoimc bomb But when these people left Bntam they left 
behmd them a good share of the world s supply of nuclear 
research equipment— equipment that has been added to in 
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considerable quantity since the war Today many Bntish 
institutions possess such instruments as cyclotrons, s}!!- 
chrotrons, electrostatic generators, and other high-energy 
atom-smashers for training purposes and for basic nuclear 
research 

It was not until October 1945, when World War II had 
been won and Britain’s scientists began to return home, 
that the British government decided to set up a research 
and expenmental center in the field of atomic energy The 
site chosen was the RAF airdrome at Han\ ell in Berkshire, 
which ^vas convenient to both the educational center at 
Oxford and London By the end of one year tlie staff had 
grown rapidly and included engmeers of all kinds, metal- 
lurgists, chemists, and a great vanetj’ of experts in almost 
every branch of pure and apphed science The staff mem- 
bers, headed by the distinguished scientist Sir John Cock- 
croft (appointed in January 1946), were drawn from the 
Bntish teams returning from the Umted States and Can- 
ada, and from British universities, industnal concerns, and 
government laboratories 

It didn’t take the British very long to provide them- 
selves With the primary tool of present-day nuclear re- 
search— a nuclear reactor The first reactor in Britain, 
called GLEEP (for Graphite Low Energy Expenmental 
Pile), was completed at Harwell in August 1947 It is a 
purely research reactor, and is still being operated twenty- 
four hours a day for this purpose A second reactor, called 
BEPO (for Bntish Experimental Pile O), was completed 
*n July 1948 BEPO is a higher-powered reactor than 
GLEEP, and it is used for the production of radioisotopes 
us well as for expenmental purposes In addition, since 
1951 the heat produced by BEPO has been used to warm 
several of the buildings at Harwell at an annual savmg of 
ubout two thousand tons of coaL 
In the scope of its work, the Atomic Energy Research 
Establishment at Harwell resembles the Amencan lab- 
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oratones of Oak Ridge in Tennessee, Argonne m Illinois, 
and BrooUiaven on Long Island In addition to its re- 
actors, It also has "Iiol” laboratories for work with highly 
radioactive materials, Instrument development shops, med- 
ical and metallurgical research laboratories, such high- 
energy particle accelerators as cyclotrons and synclirocy- 
clolrons, and a radioisotope packaging and distribution 
center Harwell’s isotopes, produced m BEFO, go to re- 
search projects, hospitals, and industrial concerns in the 
United Kingdom, the British Commonwealth, Europe, and 
Asia Last year over nmo thousand shipments were made, 
approximately one tlurd of whicli went to thirt)'-seven 
countries outside the United Kingdom Assisting Harwell 
in the isotope program is a Radio-Chemical Center at 
Amersham in Buckmghamshirc 

In the United Kingdom there is a growmg mterest m 
atomic power, stemming in part from Bntam s serious fuel 
problem Accordingly, a group at Harwell has been occu- 
pied since the beginnmg with the problems of produemg 
heat and power from atomic energy Two years ago ten 
per cent of the effort at Harwell was devoted to this proj- 
ect, but recently the ratio has been stepped up substan- 
tially As a result, a low-power breeder reactor is now 
under construction, and design work is going forward on 
a high-power breeder, a natural-uranmm power reactor, 
and an ennched-uranium prototype of a reactor for ship 
propulsion Recently Su: John Cockcroft said there is 
“cautious optimism about the long-term future m this 
field" 

Harwell, diversified as it is, is not the only atomic en- 
ergy establishment m Great Bntam The United Kingdom 
also has a program to make fissionable materials for weap- 
ons and for reactors The headquarters for the fissionable 
matenals production program is at Risley in Lancashire, 
the plutonium production center is at Sellafield in Cum- 
berland, the uranium-235 production center is at Capen- 
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hurst m Cheshire, and the uranium ore processing center 
IS at Sprmgfields in Lancashire Hai^vell, in addition to its 
research ^\ork, provides technological assistance to the 
production programs, including help in the design of tlie 
large plutonium-producing reactors at Sellaficld Britain 
also has a u capons program under the ver}' capable di- 
rection of Dr W G Penny, and tested its first atomic 
bomb last October in the Monte Bello Islands off the coast 
of Austraha 

The Bntish atomic energy project is therefore a com- 
prehensive and completely integrated one The Bntish 
have access to the uranium ore thej need, they produce 
the fissionable materials uranium-235 and plutonium, and 
they can, and do, make atomic weapons Their basic and 
applied research is extensive, and they are exploring dili- 
gently the peaceful applications of the atom 
As m the United States, the entire British atomic energy 
program is under government ownership and control 
This was provided for m the British atomic energy act of 
1946, which placed the entire program under the Minister 
of Supply, a member of the Cabmet He has the power to 
make grants of pubhc funds for research and production, 
to build and operate plants and laboratones, and to au- 
thorize searches for uranium He may seize minerals and 
deposits, and he may prohibit the treatment, processing, 
or transfer of fissionable matenals 
There are many in Britain today who feel that the 
British program would be much more effective if it were 
to be established under an mdependent agency, such as 
^ government corporation, or a commission, as m the 
United States, rather than as a part of one of the estab- 
whed older departments of government It is not unlikely, 
therefore, that m the near future the organizational stnic- 
^re of the Bnbsh program may be radically changed 
ot no matter how it is admimstercd, it is quite safe to 
predict that its output will be impressive and of very high 
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quality Tins fact raises the question of what our relahons 
should be witli the United Kingdom in the exchange of 
information in tlic field cf atomic energy 

Tlie partnership of wartime days behveen the United 
States and the United Kmgdom in the atomic energy field 
was ended by the prohibitions in the Amencan Atomic 
Energy Act of 1946, wliicli forbade interchanges of in- 
formation with foreign countries relating to the produc- 
tion of fissionable materials and the making of atonuc 
weapons In fact, by one interpretation at least, there can 
be no exchange of information m the field of atomic 
pow er development and production 

There are certain non-sensitive and rather narrmv fields, 
such as health and safety, isotope techniques, and low- 
power research reactors, where exchanges of information 
between the two countries and Canada still take place 
There i> also a close relationship, and there always has 
been, in the field of uranium ore procurement hlost of 
the agreements tliat were entered mto several years ago 
with the countries that produce ore for the Western 
World were worked out jointly by the United States and 
the United Kingdom In addition, there is an agreement 
behveen the United States, the United Kmgdom, and 
Canada that no sensitive mfonnation jomtiy shared by the 
three countries dunng the war may be declassified or 
passed on to any other foreign country without the con- 
sent of all parties to the agreement Tins means that there 
must be joint conferences from time to time to determine 
precisely what should be held and what should be re- 
leased m the way of information But m every other sense, 
die wartime co-operation between Britain and the Umted 
States has ended 

Few people who have thought about the problem at 
all beheve that it makes very much sense for these two 
great and traditionally friendly countries to go their 
separate ways m the new and challengmg field of atomic 
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energy At the same time, however, many of these people 
feel that imtil Bnbsh secunty metliods are tightened, at 
least to the point where a Bruno Pontecorvo cannot 
memly %ving his way from Harwell to Russia wthout 
some land of restnction, we cannot afford to be full part- 
ners 

In the event of a wholesale aggression against the West 
by the USSR, Amencan atomic bombs undoubtedly 
would be committed to the defense of Britam It does 
seem a bit ludicrous, therefore, that the first Bntish bomb 
should have been detonated without Amencan scientists 
having had at least a peek at it If there are novel and 
useful thmgs about that first British weapon (and the 
British designers are of the very best), why should they 
not be mcorporated into the bombs that may someday 
he used to protect England from aggression? And if we 
can learn something from the British engineers and scien- 
tists who are attempting to extract useful power from the 
atom— as it seems clear we could— shouldn't we be learn- 
ing? 

The goal over the next few years, it would seem to me, 
should be this a wide base of co-operation between the 
^lentists and engineers of the United States and Great 
ntam in the new and challenging field of atomic energy, 
3- CO operation, however, that would be conducted in such 
^ way that the Soviet program would not be advanced 

Canada 

Canada, unlike the United Kingdom, is not interested m 
making atomic bombs She could make them, but she has 
Wisely decided not to expend her energy in this fright- 
y costly pursuit She is understandably mterested, how- 
ever, in exploiting in every possible way her abundant 
yu^nium resources so that they may contribute to the de- 
^se of the Western World and ultimately provide Can- 
s a With whatever blessings a split atom may bestow 
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Canada became oSiciaUy interested fn afomsc en- 
ergy m 1940, when Uic National Research Council began 
to sponsor nuclear erpcnmenls Late m 1942 Great Britain 
joined Canada in the establishment of a laboratory at the 
University of Montreal Canada provided part of the staff, 
and Bntam sent over a research team, including some 
French icfugoo scientists, that had been worUng at Cam' 
bridge University The Montreal project— later joined by 
an American team— was interested principally m slow-neu- 
Iron research, and it mamtaincd close contact vv'ith the 
Americans under Fermi in Chicago who were developing 
tlie first cham-reacting pile 
It was early m 1944 that Canada decided to bmld its 
first experunental nuclear reactor The site diosen was 
Chalk River, 125 miles west of Ottawa The reactor, ubltz- 
ing uranium and heavy water, was completed m the fall 
of 1945— the first reactor to go mto operation outside the 
United States Called ZEEP (for Zero Energy Espen- 
mental Pile), it has no coolmgsystem and can put out but 
a few watts of energy The reactor is still m operation, 
however, and is used primarily as a research instrument 
in nuclear physics and for testing reactor materials 
In 1947 the Canadians completed a much larger and 
more powerful reactor, known as NRX {for National Re- 
search Experimental), which is also located at Chalk 
River and which also uses uranium metal with heavy wa- 
ter as the moderator While NRX xs designed m such a 
way that it can produce only small quantities of pluto- 
nium, it for a long tune had a greater concentration of 
neutrons than any other research reactor m the world 
This made it uniquely valuable for many types of re- 
search and for the produetKm of highly irradiated isotopes 
The designed heat output of the NRX reactor is 10,000 
kilowatts, but it has normally been operated at higher 
levels Late m 1952 an accident occurred in NRX tliat has 
teinporanly put it out of commission It is now bemg re- 
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paired with the assistance of Amcncan teclmicians pro- 
wded by the Atomic Energy Commission and tlie Navy 
Still a third Canadian reactor, also to be moderated 
wth hea\'y water, is now under construction at Chalk 
River It Will cost in the neighborhood of $30,000,000, m 
contrast to the $5,000,000 invested in tlie NRX pile Tlie 
new reactor will be capable of producing ratlicr sizable 
quanlihes of plutonium, and it should also be of great 
value to the Canadians in investigating tlie problems of 
economical power production and of breeding Canada 
also has plans to start construction on a real power-pro- 
ducing reactor as soon as the tlurd reactor, called NRU, 
IS completed 

In addition to being the site of all Canadian reactor 
construction to date. Chalk River, in the nine } cars it has 
been m existence, has grown into a well-rounded, well- 
equipped modem atomic energy laboratory' This atomic 
energy research center of Canada occupies some hun- 
dred buddings on a closely guarded eighty acres along 
the Ottawa River The central area is surrounded by a 
srger, controlled reservation of some 10,000 acres Tw elve 
redes away, at Deep River, the project maintains an at- 
tractive community to house the 1,300 or so workers, of 
a third are scientists and engineers 
t-'halk River is the prmcipal source of the isotopes used 
re Canadian universities, research laboratories, hospitals, 
and mdustnes Several hundred shipments are made each 
them to other countnes, includmg the 
luted States One of the most valuable products of the 
freadian radioisotope program is very highly irradiated 
CO alt for use m cancer research Chalk River is also well 
equipped with such machines as X ray and Van de Graaff 
generators, electroscopes and other specialized research 
devices 

Chalk River tnes to encourage as much university par- 
eipation as possible Consequently, w-e find a grovvmg 
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interest among Canadian institutions of higher learning 
in the field of atomic energy For example, at the Univer- 
sity of Saskatchewan there fs a 25-milhon-voIt betatron 
At McGill University in Montreal there is a brand ne^v 
radiation laboratory where Canadas only cyclotron is lo- 
cated The University of Bntish Columbia has a 4-inillion- 
volt Van de GraafF generator, Queen's University in Kings- 
ton, Ontano, has a 70-miIhon-volt synchrotron, McMaster 
University at Hamilton, Ontario, performs important work 
in mass spectrometry, and the University of Montreal is a 
leader in cosmic-ray and isotope research 
Like tlie atomic energy programs of the United States 
and Britain, the Canadian program operates under an 
atomic energy law passed m 1948 The law set up an 
Atomic Energy Control Board, which has power to regu- 
late all atomic energy matenals and products The board, 
currentl) headed by Dr C J Mackenzie, reports to a 
committee of the Canadian cabinet chaired by the Rt 
Hon C D Howe, mmistcr of defense production and of 
trade and commerce The Chalk River Estabhshment is 
operated by a Crown company called Atomic Energy of 
Canada, Ltd , also headed by C J Mackenzie, and in- 
cluding directors from both government and industry 
Canada’s other important atomic energy activity— the 
mining and processing of uranium ores— is controlled by 
another Crown company, Eldorado Minmg and Refinmg, 
Ltd This company, headed by W J Bennett, is the only 
authorized buyer of radioactive minerals m Canada As 
we have seen m the chapter on uramum ore, quantities 
of pitchblende have been produced at Port Radium on 
the Great Bear Lake and refined at Port Hope, Ontano, 
since the middle of World War II Numerous other ura- 
mum deposits have been located more recently at vanous 
pomts across the contment, and several of them, mclud- 
ing some very promismg ones in northern Saskatchewan, 
are under active developmwit 
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All in all, Canada is one of tlie countries of the world 
that IS in the forefront of atomic energy development to- 
day Her scientific community and her principal research 
center at Chalk River are of the highest cahber, and her 
uranium deposits are among the world s best Canada con- 
tnbuted substantially m talent to the wartime partnership 
wth the Umted States and Britain, and her relationships 
with the United States, despite the restrictions m our own 
law, have been of the finest C«\nada is a real fnend m 
this atomic energy business, and I would very much like 
to see the day arrive when she is made more of a partner 

Fbance 

The histoncal role that France has played in science m 
general, and in nuclear physics in particular, has been an 
outstanding one, marked by splendid and original contri- 
butions over a period of many decades The roster of the 
great French men and women of science includes, for 
example, such names as Lavoisier, Pescartes, Ampere, 
Laplace, Fourier, La Grange, Carnot, Pasteur, Becquerel, 
the Curies, de Broghe, and Joliot Their discoveries range 
from oxygen to ra^oactivity, and there is abundant rea- 
son for national pnde in the history of French science 
Although France cannot claim the discovery of nuclear 
fission itself, Frederic Johot and his co-workers in Pans, 
immediately foUowmg its discovery, showed that the neu- 
tron-mduced fission process releases more neutrons than 
are absorbed From this they inferred (about the same 
time as Fermi and his colleagues m the United States were 
reaching the same conclusion) that a nuclear cham re- 
action yieldmg great quantities of energy was possible 
Johot and his associates actually took out patents in Swit- 
zerland, Sweden, and Ecuador on a proposed uranium 
cham-reactmg pde a year or two before Fermi and his 
Chicago staff showed experimentally that one could be 
made to work 



264 licpori on the Atom 

France, then, has had something of a proprietary feel- 
mg about uranium fission French ambitions, however, 
suffered mortal blows from two sources First was the in- 
vasion of Franco, which suspended all important research 
in nuclear physics in that country Second was the suc- 
cessful development of the atomic bomb in the United 
States, which obviously and dramatical!) put America m 
the forefront in the field of atomic energy But an m- 
tense and justified national pride motivated France to 
attempt, at the end of the war, to regain her former 
position 

At the time of the German invasion, five of the leadmg 
physicists of France escaped to England and later to North 
America They played an active part m research on re- 
actor development during the war, although by agree- 
ment they remained in Canada Three of the five, mclud- 
ing Leo Kowarski, now chief of reactor development of 
the French project, have since returned home to bolster 
the atomic energy program of France Kowarski played a 
leading part m the design and construction of Canadas 
first reactor, ZEEP 

The development and apphcation of atomic energy m 
France is, by government decree, entirely under the con- 
trol of the Commissariat h lEnergie Atomique (CEA), 
an organization set up by the government m 1945 with the 
advice and under the direction of Fr^d^ric Joliot, clearly 
one of the world’s foremost nuclear physicists and an 
avowed Communist The Commissanat is responsible di- 
rectly to the prime minister, who has the power to ap- 
point and remove members This power was exercised two 
years ago when Johot was removed from the post of high 
commissioner of the CEA While there are in the French 
project some rabid anti-Communists, there are still enough 
Communists remammg to make it only prudent to assume 
that anythmg of significance developed on the French 
project IS relayed eastward with little delay 
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The French program, unlike those of tlie United States, 
Great Bntam, and Canada, lias from the very beginning 
been operated completely in the open Secrecy is virtually 
unknown 

The principal mstallations of the French project are at 
three locations in the general xacmity of Pans One is Fort 
de Chatillon, a short distance southwest of Pans Here is 
located the first nuclear reactor to be built in Western 
Europe, excludmg the British Isles The reactor, called 
ZOE, has been in operation since December 1948 It is a 
low -power research reactor using uranium ovide as fuel 
and heavy water as the moderator 
The second site of French atomic energy activity is 
Christ de Saclay, seventeen kilometers beyond Chatillon 
Saclay is the home of Frances second reactor, which be- 
gan operating last October Known as P-2, it also uses 
heavy water as a moderator Of substantially higher 
power than 20E, P-2 can produce significant quantities 
of plutonium if desired, but the French have announced 
their intention of using it primarily for isotope produc- 
tion and research purposes The Saclay laboratory is also 
a general atomic research center, with equipment includ- 
ing a 25-milIion-electron-volt accelerator 

Frances third atomic energy installation is at Le Bou- 
chet, thirty-five kilometers due south of Pans Le Bouchet 
IS devoted to uranium chemistry and the preparation of 
fuel slugs from French uranium deposits for ZOE and P-2 

The French atomic energy program is currently headed 
by Francis Pernn, a scientist of world-wide reputation 
who taught physics at Columbia University in 1940 as a 
visitmg professor The program has over a thousand em- 
ployees, of whom about a fourth are well-qualified en- 
gineers and scientists 

France also has several high-energy accelerators at 
such locations as the College de France m Pans and the 
University of Strasbourg, and is mstalhng several more 
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She has mamtamed fnendiy relations wth the scientists of 
the other counlncs of Western Europe and is indebted to 
Non^ ay for tlie hcaiy water used m her first reactor In the 
Saclay and Chatillon piles she produces radioisotopes in 
substantial quantities for shipment to hospitals and in 
duslnal coneems in France and to neighboring countnes 
She IS also an active member of the ten-country European 
Research Center established recently just over the French 
border in Switzerland 

France, therefore, has the talent and the equipment for 
a fully integrated and well-rounded atomic energ> proj- 
ect Moreover, she lias sufGcicot uranium ore available 
withm her own borders to support an active research and 
development program, as well as possibly sizable addi- 
tional reserves in her African colonies The French know 
how to process uranium ore and to make it into reactor 
fuel And they know how to build reactors that can pro* 
duce substantial quantities of plutonium that, if the 
French wished, could be made mto atomic weapons 

France at the moment, however, has no weapons pro- 
gram and apparently does not intend m the immediate 
future to engage in one Just recentl) she announced a 
fifteen-year effort directed toward the development and 
construction of a nehvork of atomic power plants For the 
first five years the French National Assembly has provided 
$108,000,000 for this program, compared with the $43,- 
000,000 that was available from 1946 to 1951 France has 
a strong incentive to develop nuclear power because of 
her lack of petroleum and the madequacy of her domestic 
coal deposits During the first five years of her fifteen- 
year power development plan, France expects to budd 
two addibonal leactois primarily for the production of 
plutonium fuel at sites yet to be selected 

During the next five yearn, as plutonium becomes in- 
creasingly available m France, there will doubtless be 
pressures from the French military establishment to get 
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into the weapons business But France would do w’ell to 
follow the example of Canada and devote her energies to 
research and to tlie realization of tlie peaceful uses of 
atomic energy, makmg her mihtary contribubon to the 
secunty of tlie Western World m anotlier area 

Nobway and The Netherlands 
It is appropriate to discuss the atomic energy programs 
of these hvo countries togellier, for they jomtly operate 
the only nuclear reactor in tlie free world outside of tlie 
Umted States, Great Britain, Canada, and France The 
reactor, located at Kjeller, near Oslo, m Norway, is a re- 
search and radioisotope-producmg device designed to op- 
erate at one hundred kilow'atts, although it has been 
operated at levels as high as three hundred kilowatts It 
IS called JEEP, and w'as completed in 1951, utilizmg 
heavy water from Noi^vay and uranium that the fore- 
sighted Dutch had purchased m 1939 from Belgium for 
possible atomic energy use The uranium was hidden m 
the Netherlands throughout the German occupation 
The Norwegian-Dutch partnership in atomic energy 
dates back to 1950, and the Kjeller activit)', which mcludes 
“hot” laboratones and physics research facihbes as well 
as the reactor, bears the name “Joint Estabhshment for 
Nuclear Energy Research ” The Estabhsliment is directed 
by a six-man Atomic Energy Board upon which Norway 
and the Netherlands have equal representation, and the 
chairmanslup is rotated among all six members None of 
the \\ ork at Kjeller is secret, and the staff mcludes people 
from such other countnes as Sw'eden, Switzerland, Italy, 
Yugoslavia, and the United States as well as Norway and 
Holland 

Norway^s current mterest in atomic energy is not sur- 
pnsmg, for the Norsk Hydro Plant at Rjukan has been pro- 
duemg heavy w’ater for use m the nuclear research lab- 
oratones of the world since 1934 One of the most colorful 
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chapters of World War II revolves around the efforts of 
the Germans to obtain heavy water from this plant for 
their atomic energy program, and the equally determined 
efforts of the British Commandos and Norwegian under- 
ground to keep them from succeeding Leif Tronstad, pro- 
fessor of chemistry at the Norwegian Institute of Tech- 
nology in Trondheim and the man who got Norsk H>dro 
into the heavy-water business in the first place, was killed 
during the war on a secret mission to Bjukan to prevent 
German exploitation of the heavy-water plant The plant 
was partly destroyed during the war, but it was ninnmg 
full-scale again by 1946, and it provided the heavy water, 
for the Kjeller pile 

In addition to tlie Kjeller laboratory, Noi^vay also has 
active nuclear research programs, including Ae use of 
Van de Graaff generators and betatrons, at the universi- 
ties and technical centers in Oslo, Bergen, and Trondheim 
Two of Nonvay^s scientists wth world-wide reputations 
m atomic energy are Gunnar Banders, who escaped to 
England and America during the war and is presently di- 
rector of the Kjeller project, and Odd Dahl, who super- 
vised construction of the Kjeller reactor Dahl is a leading 
figure in the new European Research Laboratory m Swit- 
zerland 

Norway’s principal immediate reasons for supporting 
an atomic energy program appear to be, first, her desire 
to rehabihtate her war-ravaged scientific strength and thus 
keep her young scienbsts at home, and, second, to pro- 
duce radioisotopes, for which there is a large demand m 
Norwegian industrial, research, and medical centers For 
the long term Norway, even though she is one of the 
world’s best-endowed nations from the standpomt of 
falling water, is nevertheless also mterested m die devel- 
opment of atomic power With one of the world’s principal 
merchant marmes, she is particularly mterested m the 
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possibilities of atomic power in die field of ship propul- 
sion 

The Netherlands, although a small country lackmg in 
natural resources and large-scale heavy industrial capac- 
ity, has one distinct asset to any atomic energy program 
top-grade scientific and teclinical competence Represent- 
ative of the skill and production potential of Holland is 
the Philhps Company of Eindlioven, a large electrical 
manufacturmg firm with a world-wide business employing 
over a thousand people in its research laboratones alone 
Phillips built the principal nuclear research instrument in 
the Netherlands—a seventj'-two-inch synchrocyclotron lo- 
cated at the Institute for Nuclear Research m Amster- 
dam-and also makes high-voltage equipment, Geiger 
counters, expenmental amounts of rare metals used in 
atomic energy research, and a large variety of electron 
tubes for both export and domestic use It is capable of 
manufacturmg almost any mstrument needed m nuclear 
research 

The prmcipal nuclear research center in Holland is the 
Nuclear Research Institute m Amsterdam, beaded by C J 
Bakker, who also heads one of the study groups of the 
Central European Research Laboratory m Switzerland 
Other institutions performing research m the atomic en- 
ergy field with the aid of government funds are the Zee- 
man Laboratory in Amsterdam (also headed by Bakker), 
and the universities of Amsterdam, Gronmgen, Leyden, 
and Utrecht 

The Dutch, with only limited supplies of coal and oil 
and no water power, are understandably interested m the 
possibihties of electric power from atomic energy It is no 
surprise, therefore, that with government participation 
they have recently organized a study group to look into 
the economic aspects of atomic energy In addition, 
KEMA (a research laboratory at Arnhem supported by 
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the Dutch power systems) has recently undertaken a joint 
government-industry research program on reactor devel- 
opment to tie in with and support tlie work of the Dutch 
team at Kjcller Holland, laclung many of the resources of 
larger nations, can contribute much to any jomt atomic 
energy effort in which she might engage with other na- 
tions 

Belgium 

Belgium has a clear and understandable interest m 
atomic energy development stemming from three im- 
portant and related facts (1 ) The nch Shinkolobwe Mme 
in the Belgian Congo has been the prmcipal suppher of 
uranium to the Western World smee llie begmnmg of the 
Amencan program in World War II, (2) Belgium, %vith 
limited fuel reserves and a steadily increasing demand for 
electrical energy, is m the market for atomic power, and 
(3) Belgium has a strong scientific and technical com- 
munity 

EflForts to strengthen Belgium’s position m science and 
technology extend back at least to 1927, when the Belgian 
National Funds for Scientific Research were established 
under government sponsorship to raise and admmister 
moneys from banks, industrial concerns, and individuals 
Much of the scientific equipment and other fruit of this 
effort, however, was lost m the war After the war the 
National Funds were given government grants to help re- 
construct Belgium’s scientific research facihties, and by 
1947 sufBcientprogresshad been made topennit the spon- 
sorship of research work m the new field of atomic en- 
ergy From 1948 onward, the Inter-Umversity Institute of 
Nuclear Physics, a subsidiary of the National Funds, has 
spent a substantial amount each year in support of nu- 
clear research and training at six mstitutions the uni- 
versities of Brussels, Liege, Louvam, and Ghent, the Royal 
Mihtary School m Brussels, and the Polytechmc Facidty 
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m Mohs Belgium, smce 1950, has had an Atomic Energy 
Commissioner to co-ordinate the country’s atomic energy 
actmbes and advise the government on atomic energy 
matters 

Belgian mstitutions arc large importers of radioisotopes, 
and they have performed important work m the fields of 
uramum metallurgy, cosmic-ray studies, and nuclear re- 
search with high-energy machines The largest high-en- 
ergy machine m Belgium, a 30-milhon-electron-voIt cyclo- 
tron, has recently been installed at the University of 
Louvam Its magnet, made m Belgium, was a gift from the 
minmg company that owns Shinkolobwe, the Union Mi- 
n^re du Haut Katanga 

Belgium’s plans for the future inelude the construc- 
tion, within the next year, of a medium-power research 
reactor near Brussels to produce isotopes for Belgian 
users and to tram Belgium’s young scientists The reactor 
wll come under the jurisdiction of a newly organized 
Study Center for the Application of Nuclear Physics, a 
joint govemment-mdustry-umversity group headed by 
Pierre Ryckmans, former Congo governor, who is also 
Belgium’s Atomic Energy Commissioner In preparation 
for the construction of the new reactor, groups of Belgian 
scientists have, durmg the past year, visited for extended 
periods m England and at the Argonne National Labora- 
tory in the United States to obtam non-secret information 
on reactor technology Belgium is lookmg forward, m five 
or SIX years, to buildmg her first reactor for the produc- 
tion of atomic power 

Sweden 

Sweden is obviously intent upon exploitmg fully her 
capacities m the field of atomic energy Ever smce the first 
atomic explosions m 1945 the Swedish government, m co- 
operation with her scientists and busmessmen, has been 
active and purposeful both m fundamental scientific re- 
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search and m tlie establishment of administrative machm- 
cry for practical development 

As m the ease of Norway, tlie Netherlands, and Bel- 
gium, Sweden apparently has no intention to produce 
bombs, although one of her top military leaders recently 
said tliat ho favors Sweden "trying in every way to get 
hold of tactical atomic bombs " The avowed purpose of 
the Swedish program, however, fs to produce power for 
industrial and commercial use Tins is understandable, 
for Sweden’s future industrial development may largely 
depend upon her ability to find a new source of power 
Of her readily available water power, some seventy to 
eighty per cent has already been CTploited, and there is no 
coal ^vortll mcnhoning in Sweden She does, however, 
have extensive oil-shale rescrx’cs that she has reserved for 
emergencies and has developed only on a pilot-plant 
scale In these shales small amounts of uranium are found, 
and the Swedes have perfected processes by which this 
uranium may be extracted 

As early as 1945 Sweden appomled an Atomic Energy 
Commission and amended her minmg laws to estabhsh 
national ownership and control of uranium mmerals The 
Commission comprises a group of diutcen scientists, in- 
dustrialists, and government officials who, under the Min- 
ister of Education, act as a pobey board for atomic re- 
search and allocate funds among Swedish universities and 
research institutions Significant scientific work is being 
performed at such places as the Besearch Institute for Ex- 
perimental Physics (The Nobel Institute of Stockholm), 
the Royal Institute of Technology, the University of Upp- 
sala, the Chalmers Institute of Technology, the Defense 
Force Research Institute, the University of Lund, die 
Karohnska Medical Institute, the Wenner-Gren Institute, 
and the Gustaf Werner Institute 

Before 1946 Sweden had one cyclotron and one beta- 
tron Smee then, so many other nuclear mstruments and 
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equipment have been acquired that one might reasonably 
assert that Sweden has the most completely equipped nu- 
clear science laboratories in Western Europe, next to Eng- 
land An example of the new equipment being added to 
Swedish laboratories is the new 200-milhon-elcclron-voU 
S)’nchroc) clotron at the Gustaf Wemer Institute in Upp- 
sala— the second-largest such machine in Europe 
Sometime within the next year Sweden will also have 
completed construction on her first nuclear reactor It is 
an expenmental low -energy pile fueled w’lth uranium 
metal and moderated with heavy w’ater obtained from 
Nonvay The reactor and its associated laboratories are be- 
ing built underground in a chamber blasted out of solid 
rock at the experiment station of the Academy of En- 
gineering Science m Stockliolm The reactor is being built 
by a company, AB Atomenergi, whose stock is fifty-seven- 
per-cent government-owned Private industries hold the 
remaining shares AB Atomenergi also produces and proc- 
esses Swedish uranium After their research reactor is 
completed, the Swedes have plans to build a 10,000-to- 
20,000-kilow att pilot plant for atomic power production 

Denmark 

Denmark has no official or national atomic energy pro- 
gram, and yet it has one of the foremost centers of nu- 
clear research in the world This center is the Institute of 
Physics at the University of Copenhagen The director of 
the Institute is the world-famed atomic scientist Niels 
Bohr 

During the 1930’s Bohr s Institute became a haven for 
scientists who had fled the Hitler regime m Germany 
Among these refugees were Otto Frisch and Lise Meitner, 
who, as we have seen, first interpreted to the world the 
results of Hahn and Strassmann s fission experiment at die 
Kaiser Wilhelm Institute in Berlin The German occupa- 
tion of Denmark, beginning m 1940, at first did not sen- 
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oiisly interfere with the Institute s work In 1943, however, 
the occupation became much harsher With arrest pend- 
ing, Bohr escaped in a fishing-boat to Sweden, whence he 
was taken to England Other scientists from the Institute 
found a haven in Sweden until the liberation of Denmark 
Bohr became a member of the British scicntiGc mission to 
the United States in 1943 and, as such, took part in the 
wartime atomic energy program in this country 

Over the years a remarkable number of tlie worlds 
leading atomic scientists, including many from America, 
have worked in or with tlie Institute in Copenhagen, and 
many a significant intemahonal conference in nuclear 
physics has taken place there Temporarily halted during 
tlie war, these conferences were renewed m 1947, and the 
flow of scientific visitors from the United States and else- 
where continues at a high rate 

The Institute of Physics has a permanent faculty and 
such items of equipment as cyclotrons, Von de Graaff gen- 
erators, mass spectrometers, and X-ray apparatus But the 
significant thing about the Institute is not its equipment, 
nor even its well-qualified faculty, but the fact that it is 
dedicated, as perhaps is the research center of no other 
single nation, to international co-operation m the field of 
science 

Germany 

So far as the basic resources for scientific endeavor and 
technological progress are concerned, Germany is one of 
the best endowed of nations The quality of German sci- 
ence IS proverbial Germans have won more Nobel prizes 
than the scientists of any other nation, being particularly 
strong m the field of chenustry, and the German chemical 
and electrical industries rank with the world s largest and 
best Germany has also long been a major producer of 
steel, nonferrous metals, and other products basic to the 
land of mdustnal complex that could support a large-scale 
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atomic energy program And we should remember, too, 
that uranium fission was discovered in Germany 
Germany in the early stages of World War II seemed to 
be as capable as any other country in the world insofar as 
developing a successful nuclear reactor and an atomic 
bomb was concerned In fact, it was the fear that Ger- 
many might accomplish these objectives first that had 
much to do witli laimching the all-out atomic energy ef- 
fort of the Western Allies during tlic war The German 
bomb effort was later found to be somewhat meager, 
thanks to Hitlers emphasis on other tilings, but Germany 
did produce a quantity of relatively pure uranium— first 
step m the construction of a reactor 
Since the war, however, German atomic energy devel- 
opment (in West Germany, at least) has been at a stand- 
still by Allied decree Basic research and the utilization of 
isotopes in medicine, chemistry, and biology are permit- 
ted, but all work with fissionable materials is forbidden 
The principal basic research centers are Gottingen Uni- 
vensty, the Institutes of Atom Physics at the universities 
of Hamburg and Freiburg, the Max Planck Institute for 
Chemistry at Mainz, and the Max Planck Institute for 
Physics at Gottingen 

If the recently negobated contractual agreements be- 
tween Germany and the Western Alhes, and the Euro- 
pean Defense Community treaty, are ratified, West Ger- 
many will be permitted to build a moderate-sized reactor 
for research purposes and the produebon of radioisotopes 
now imported One thing is certain the potenbal exists 
in Germany for a much stronger program than the West- 
ern Allies will be hkely to permit for some time Any full- 
scale atomic energy effort in West Germany would also be 
limited by the fact that Germany s uranium deposits are 
in the East, where they are currently being exploited by 
Russia In the field of research, however, it would seem 
that much can be expected from Germany within the next 
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few j’cars as the present bans on rcsearcl! reactors are re- 
laxed and as her scientific community regains its tradi- 
tional strength 

Italy 

Italy has long had an internationally respected scientific 
community Enneo Fermi was bom and educated m Italy, 
and taught physics in Italian institutions, where he won a 
Nobel Pnze, before coming to the United States in the 
1930 s Today Italian science and technology, like tliose of 
Germany, arc slowly rccovcnng from the effects of ^Vorld 
War II Italy suffered greatly from the war, and in some 
cases from the actual demolition of her university build- 
ings She has also suffered from the exodus of leading sci- 
entists to tlie United States, Canada, and Latm America 

Italy’s foremost centers of nuclear research are the In- 
stitutes of Physics at the universities of Rome, Turin, Mi- 
lan, and Padua They operate on a rather meager annual 
budget financed mainly with government funds The lab- 
oratories of the four Institutes are engaged almost en- 
tirely in fundamental research 

In 1946 a group of Italian industrial concerns formed, 
With government co-operalion, a privately financed com- 
pany to sponsor and encourage apphed research and de- 
velopment in the field of atomic energy The group, called 
CISE (Centro Informazione Stiidi Espenenze), is located 
at the Institute of Physics m Milan, and last year had a 
budget of $110,000 It has built small pilot plants for the 
production of heavy water and metalhc uranium, and is 
currently drawmg up plans for a low-power uranium and 
heavy-water reactor that it hopes to locate in Milan It 
also sponsors courses in physics at the Unu ersity of Milan 

Last year the Itahan government established a National 
Committee for Nuclear Research to supervise the ex- 
penditure of ofiBcial funds for atomic energy research 
work, including Italy’s contributions to the new European 



277 


The Jnternational Atom 

Research Center Italy has the talent and ecjuipment to 
build a research reactor, and it would not be surprising if 
she undertook such a project a\ithin the next few jears 
She docs not appear to have the resources at present, how- 
ever, for a large-scale program As to uranium, some low- 
grade deposits have been reported at various places in It- 
aly, but they are not being extensively worked 

SwTKEIlLAND 

The Swiss have had a Research Commission for Atomic 
Energy since late 1945, and the government supports work 
at the Federal Institute of Technology in Zunch, where 
there is a thirty-cight-inch c)clotron, as well as at the uni- 
versities of Zurich, Basel, Berne, Geneva, Lausanne, and 
Neuchdtel Switzerland regularly imports radioisotopes for 
use m hospitals and research laboratories, and her dis- 
tinguished medical community has made useful contri- 
butions in the application of isotopes in diagnosis and 
therapy 

Switzerland has long had a special interest in the devel- 
opment of atomic energy to produce useful power Her 
efforts along these lines, however, have been severely 
handicapped by her lack of uranium The Swiss neverthe- 
less look forward to the day when they can build their 
first nuclear reactor 

It seems quite reasonable to expect that nuclear re- 
search in Switzerland will receive a substantial shot m the 
arm as operation of the Central European Research Lab- 
oratory near Geneva gets under way The first equipment 
to be installed there will be the largest and most powerful 
particle accelerator m the world, and Swiss scientists, un- 
der the direction of Paul Scherrer of the Federal Institute 
of Technology, are expected to play an important part m 
the work of the laboratory 
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India 

Among tlie nations of As/a, India lias the largest and 
most ndvnnced atomic energy program It is a peaceful 
program, directed toward ctploitzng the atom as a source 
of power, and it /s earned out under the control and su- 
pcr\'ision of the Indian Atomic Energy Commission, which 
was set lip in 1048 when the Indian Atomic Energy Act 
was adopted Tlic Indian AEC, which sponsors research 
projects m a number of educational and scientific msbtu- 
fions throughout the country, is a tlirce'man body report- 
ing direct to die pnmc minister 

Tlie leading nuclear rescareli center m India is the Tala 
Institute of Fundamental Research at Bombay, which is 
currently looking into the possibilities of producing heavy 
water and of budding a nuclear reactor The Institute of 
Nuclear Physics in Calcutta is also being built up to a lead- 
mg position, and recenll) added a thirty-tivo-inch cyclo- 
tron, the only such machine in India Atomic energy re- 
search is also in progress at the Bose Research Institute m 
Calcutta, the University of Delhi, the Indian Institute of 
Science at Bangalore, the Physical Research Laboratory 
at Ahmedabad, and Ahgarh University, among other 
places 

India has made a good deal of progress in recent years 
in cosmic*ray research, and in the training of her physi- 
cists, chemists, and engmeere for specialized work m 
atomic energy Among her accomplishments, also, is the 
development of a program for the use of radioisotopes in 
medicine, including the diagnosis and treatment of certain 
types of cancer and leukemia In an effort to build up her 
contacts with the world scientific community, India has 
stimulated visits by foreign scientists and encouraged their 
residence there for penods as long as a year or more 

India has some uranium, enough, she hopes, to make 
her independent of outside sources of supply She has been 
very active in the search for atomic energy minerals, and 
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Bas a standing offer, as we do in the United States, to buy 
at a guaranteed price all stocks of uranium discovered She 
also offers rewards for the discovery of new deposits, and 
grants allowances for the development of mines Of possi- 
ble great future significance is the fact that India has prob- 
ably the world’s richest deposits of monazite, a sand con- 
taining thorium Thorium, potentially, can be used like 
uranium as a source of atomic energy A factory to treat 
fifteen hundred tons of monazite sand a year is in opera- 
tion m southwest India 

Under the leadership of some very able scientists, India 
has made a determined effort to keep posted on nuclear 
research developments the world over, and, altliough she 
cunently has only limited funds and trained personnel, she 
should score some real gams m the relatively near future 
Right now she is looking forward to the construction of 
her first reactor, for research and radioisotope production, 
\vithm the next two years 

Brazil 

Brazil, in atomic energy, is to South America what In- 
dia IS to Asia, namely, the most aggressive country on the 
continent Her program of atomic energy research and de- 
velopment IS under the control and direction of the Na- 
tional Research Council, which was established in 1951 
The president and vice-president of the Council are offi- 
cers of the armed forces, and the members mclude many 
other government officials and scientists 

Brazil’s nuclear research work centers around the Bra- 
zilian Center of Physical Research m Rio and the Univer- 
sity of Sao Paulo, although there are a half-dozen or so 
additional institutions where noteworthy projects are un- 
der way, including the University of Brazil in Rio The 
most ambitious project yet undertaken m Brazil will be 
the construction of a 450-milhon-electron-volt synchrocy- 
clotron at the Center of Physical Research A small cycio- 
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tron for the Center is now being built nt the University of 
Chiengo, nnd American scientists arc assisting the Brazil- 
ians m developing plans for the larger machine Tlic Uni- 
vcrsit) of Sao Paulo already has a thirty-million-volt beta- 
tron and a Van dc Graaff generator 

Brazil has some very competent young scientists, includ- 
ing C M G Lattes (presently head of Center of Physical 
Research), who in 1917 participated in tlic discovery of 
the subatomic particle, the meson, while studying cosmic 
rays A year later, while at the University of California in 
Berkeley, he also participated m tlie discovery of tlie arti- 
ficial production of mesons in the 184 inch cyclotron there 
Many people consider the discovery and subsequent study 
of the meson to be the most important development in nu- 
clear physics since the end of the war Brazil is also well 
known to the Amencan atomic energy program as the 
largest importer of radioisotopes m Latin America, and as 
a nation which actively encourages exchange visits be- 
tween her scientists and those of tlie United Stales and 
other countnes 

All of Brazil’s current atomic energy effort is regarded 
by the National Research Council as prehminary to 
achievement of the mam goal construction of a real nu- 
clear reactor for research, traiomg, and isotope-production 
purposes, leading to eventual utilization of the atom to 
produce power for commerce and industry 

Among Brazil s natural resources of potential value to 
an atomic energy program are some sizable deposits of 
monazite, source of thonum These are not so large, how- 
ever, as tliose of India While some prospecting has been 
undertaken for uranium at various locations over Brazil s 
vast land area, an intensive exploration program has never 
really been attempted This is unfortunate If and when 
Brazil locates large deposits of uranium ore, as she well 
may, we may expect a real intensification of her atomic 
energy effort Such an coloration effort, it would seem, 
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should have tlie highest priority in tlie program of tlie 
National Research Council 

Australia 

Australia has been officially interested in atomic energy 
since 1946, when her atomic energy law w'as pissed It 
was designed pnmarily to make provision for the control 
of materials that arc or may be used in producing atomic 
energy The administration of the law' has been the re- 
sponsibility of the Minister of Supply Last December an 
Australian Atomic Energy Commission w'as established 
under the Minister of Supply to direct Austr.abas atomic 
energy effort 

The principal nuclear research center m Austraba is the 
School of Nuclear Sciences at the National University at 
Canberra, which is being built up to a high level of qual- 
ity with government funds The School already has a half- 
miUion-volt particle accelerator, and is now constructmg a 
two-bilhon-volt synchrocyclotron Noteworthy work is also 
under way at the University of Melbourne, which owns 
a 2 8-milhon-volt betatron The program there mcludes 
courses in nuclear physics for officers of the armed services 
and government officials, and meetmgs of scientists from 
all over Austraha to discuss radioisotope techniques Aus- 
traha is a substantial importer of radioisotopes from 
America 

Austraha, hke many other countnes, is planning for the 
construction of her first research reactor withm the next 
few years, work which has been given impetus by Austra- 
ha’s real need for a source of abundant and inexpensive 
power, plus the discovery, relatively recently, of promis- 
mg uranium deposits at Rum Jungle in the Northern 
Territory and Radium Hill m South Austraha Austraha, 
recognizing her responsibilities to the security of the West- 
ern World, has recently agreed to supply uranium ore 
from her new deposits to the American w eapons program 
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Tun United States and tiip Free World 

Wliilc no very appreciable scientific work has been per- 
formed as yet in the Union of South Africa or Mexico, 
both of these countries liave domestic supplies of uranium 
together willi a growing interest in scientific research and 
development in the atomic energy field, and Mexico has 
recently established a nuclear research laboratory (South 
Africa, like Australia, is selling uranium to the United 
States and Britain, Mexico’s deposits are as yet unex- 
plored, but tlicy are promising ) In fact, it is hard to think 
of a nation anywhere that does not have at least the be- 
ginnings of an atomic energy program Some of the odier 
more obvious ones tliat come (o mmd arc New Zealand 
(with an atomic energy act passed in 1945), Cuba, Argen- 
tuia (with some mavericks but also with some solid scien- 
tists), Japan (which performed some important nuclear 
research before tlic war), Ireland, and Spam 

"ies, tlie atom is international, and it is becoming more 
so with each passmg year America has no monopoly m 
atomic energy, and, indeed, has never had one The onlv 
monopoly we have ever enjoyed xvas the exclusive posses- 
sion, for a relatively short period of time, of a supply of 
atomic bombs 

A very large share of the Araencan effort m atomic en- 
ergy has necessarily been devoted to mihtaiy work To 
some extent, we have consequently had to forgo certam 
basic and applied research projects leading to the peace- 
ful utihzation of the atom But this is not true of the rest 
of the free world While we have been engaged in weap- 
ons development and manufacture, our faends abroad 
have been busy catching up with our peaceful advance- 
ments and have been pushing on into new, unea^ilored 
areas of science While we are still engaged m our mih- 
tary competition with the Soviet Union, therefore, we are 
now also engaged m a peaceful competition with our 
friends and allies But our competition with the other na- 
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bons of the free world is a good and healthy one It is the 
land of competition wliere one scientist says to another 
“Come and look at this, I think I hive something that vill 
be of use to you, I %v ant you to know it ” 

In this kind of situation it would not only be ostriclihke 
for us to Ignore the world of science around us, it might 
actually be dangerous To isolate ourseh es from this w orld 
would be to isolate ourselves from those pioneenng explo- 
rations that may someday open up new and unforeseeable 
applications of atomic energ)' 

Tlus being the case, it is our clear responsibility , it seems 
to me, to engage m a basic-research and peaceful-dev elop- 
ment program of our own up to the limit of our military - 
laden capabilities, and also to mamtam the closest possible 
relabonships witli the research acbvabes of our friends, 
parbcularly our traditional allies and the nabons that hav e 
furnished the uranium that feeds our weapons program 
This would include assisting them wherever good scien- 
tific work was being conducted It would do us no possible 
good to impede these foreign efforts, and it may well do 
us a whole lot of good to assist them By this means we 
shall not only be mamtaming the traditional contacts of 
world science, from which the world cannot help but ben- 
efit, but we shall also be helpmg ourselves If significant 
discoveries come from abroad, as they undoubtedly will, 
our industnal strength is such that we can quickly apply 
them, for our own betterment and for the betterment of 
our friends— and here, ultimately', is our greatest source of 
strength in ffie cold war agamst Commumsm 
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^Vcnc it not for the Kremlin and the policies it has fol- 
lowed smce the end of World War II» we would probably 
not have a strong atomic energy program m the United 
States 

Had the Soviet Union shown any real desire to achieve 
international control of the destructive force of the atom, 
had she not betrayed her ally of World War II through 
espionage, had she not been detected explodmg atomic 
bombs, and had she not, when detected, falsely asserted 
that her atomic project was devoted entirely to the peace- 
ful utilization of this new force, such as changing the 
courses of rivers and the like, the American people would 
probably never have supported a vigorous atomic energy 
program m this country The Kremlin, therefore, deserves 
a “well done ” But it also, unfortunately, deserves a “well 
done” for its own progress behind tlie Iron. Curtain 

In assessmg the Russian atomic energy program, one 
must consider two factors her intentions and her capabih- 
ties It will not be my purpose here to deal with her in- 
tentions Information on these is available m abundance 
elsewhere But whether her mtentions are good, bad, or 
uncertain (and the evidence to date demonstrates that 
they are certamly not good), it would be a crime of the 
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first order to underestimate her capabilities It could, at 
the most, be but a minor misdemeanor to overestimate it 
In searching for information upon which to base an ob- 
jectue evaluation of Russian atomic capabilities, there are 
three places to look oflBcial Soviet government utterances, 
intelligence reports, and the analyses of the experts who 
know Russia and the Russian people well Of these, the of- 
ficial utterances of the Soviet government are probably of 
the least value to the average American, for, whalc\er it 
IS that motivates Russian ofiBcials to say somctbmg, it is 
very rarely a desire to tell the truth These official state- 
ments are, howeier, of considerable value to those who 
know and understand the working of the official Soviet 
mind, and who can place m their proper perspective the 
things that circumstances force the Russians to say pub- 
licly To the average person, however, these statements 
are little more than meaningless 
Of the other two sources of information, one— intelli- 
gence data— IS unfortunately not available to the general 
public in detailed form, bee luse to make it generally avail- 
able in this form would be to jeopardize the sources from 
which it was obtained Such information is, however, avail- 
able to the American government, and from this informa- 
tion it IS possible for our gov emment to reach some gener- 
alized, but reliable, conclusions that can be passed on to 
the public at large In capsule form, this much can be said 

1 The Soviet Umon has produced fissionable material 
in quantity 

2 With fissionable material in hand, it is not a difllcult 
technical job to make workable atomic weapons 

S The Soviet ‘Union has exploded three atomic bombs 
—One in the late summer of 1949, two m the fall of 1951 
4 On the basis of the above facts and other scientific 
and technical evidence, there is no doubt of the existence 
of a supply of atomic weapons in the USSR 
This is the gist of what can be said pubhely on the basis 
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of the intelligence information available to the United 
Slates But there is a lot more than can and should be said 
about the Soviet Union and its atomic capability— infor- 
mation tliat is based, not on secret intelligence reports, but 
on reliable data that can be found m the public domam if 
one IS but willing to look for it Tins is the kind of informa- 
tion tliat IS produced by the studies and analyses of the 
students of Russia and the Russian people Let us take a 
look at it, in the content of what is needed for a large-scale 
atomic energy program 

In any atomic energy program of considerable size, 
there are four essential ingredients adequate material re- 
sources, including uranium, adequate scienbfic compe- 
tence, adequate technological and produchon capacity, 
and the determination and ability to unite these three I 
shall take these up one by one, m relation to the Soviet 
Union 

Material Resources 

We have noted in Chapter II that the Soviet Union has 
available to her the uranium ores of the Erzgebirge region 
of Czechoslovakia and Saxony, one of the world’s three 
histone relatively high-grade sources of this valuable 
metal, and that she is working this region energetically 
with slave labor The Erzgebirge region alone could sup- 
port a sizable atomic energy program In addition, the ge- 
ology of the USSR IS favorable, in a number of areas 
both east and west of the Urals, to relatively low-grade de- 
posits of uranium ore Russia should have no more diffi- 
culty m working tliese than we, m the United States, have 
m workmg our own relatively low-grade deposits Taking 
these two facts together, there is no doubt Aat the Soviet 
Union has available sufficient uranium for a large-scale 
atomic energy program In addition, in the vast expanses 
of the Russian Soviet Empire are the fuels, the sources of 
electnc energy, the iron, and the many other natural re- 
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sources that are essential to a large industrial operation 
such as an atomic energy program 
As nearly everyone knows, the Russians in their efforts 
to make industrial progress have been employing a series 
of so-called “five-year plans ” There arc approximately hvo 
years remaining in the current one, and, even if they do 
not reach their goals, which are pretentious, they uiU nev- 
ertheless have the makings of an ominous war machine 
geared to the manufacture and use of either conventional 
or atomic weapons I think it is x\orth mentioning that \\c 
in the United Stales, under our democratic form of govern- 
ment, cannot enjoy the “luxury” of five-year plans Here 
we operate under a senes of “one-year plans” called fiscal 
years At the beginning of each fiscal year our Atomic 
Energy Commission and our Defense Department must 
go to the Congress and lay out tlieir plans for the com- 
ing hvelve months and request the money needed to ac- 
complish them Very occasionally, on specific items where 
long-term contracts must be entered mto, they can obtain 
an authorization to spend money over longer penods, but 
over-all production plans can be made with certitude only 
for the duration of the fiscal year There is no doubt that 
this puts us at a distinct disadvantage m our competition 
wnth the vastly more integrated and long-range production 
programs of the totalitarian Communist states 

The growth m Russian output of coal, steel, aluminum, 
electric power, and petroleum will be truly enormous un- 
der the current five-year plan Here are just a few exam- 
ples 

By 1955 the USSR will surpass the 1952 United States 
coal-production figure She will increase aluminum pro- 
duction to 50 per cent of the 1952 figure for the United 
Stales (and as late as 1930 no alummum was produced m 
t e Soviet Union) Electnc generatmg capacity will also 
c imb to around half that of the United States And steel 
production will increase 62 per cent over the current five- 
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year plan to a tonnage figure equal to about 50 per cent 
of the United States output Weak only in petroleum and 
rail transport, Russia is pushing vigorously ahead in both 
of these areas 

Although these and other figures like them show that 
the Soviet Union is still running somewhat behind the 
United States in the production of industrial materials, 
tlicy also show an almost explosive rate of increase in the 
production of raw materials— a trend tint, if continued, 
will bring her up to American production le\els in a very 
short period of time It should also be remembered, when 
considering these relative figures, that in Russia far less of 
the production of these essential materials is diverted into 
such things as automobiles, race tracks, hotels, and clectn- 
cal appliances It goes, instead, for increasing the produc- 
tive capacity still further, and for articles of war 

Saentific Capability 

Some of the best advice that has been given on what 
the American attitude toward Russian science should be 
came from Lazar Vohn, of the U S Department of Agri- 
culture, at a symposium held in December 1951 at a meet- 
ing of the Amencan Association for the Advancement of 
Science in Philadelphia This is what he said 

“It IS a fact that many branches of science in Russia 
durmg the early years of the present century were already 
marchmg steadily ahead in full step with scientific ad- 
vances elsewhere This is fairly well known m scientific cir- 
cles, where it is appreciated that a very substantial legacy 
of science, as of culture generally, was inherited by the 
Soviet regime But it is not so well realized, I am afraid, 
by the layman in the West He has been misled and con- 
fused by the Soviet propagandists and their mouthpieces, 
who, after long harpmg on the extreme cultural backward- 
ness of Russia prior to the Revolution, have more recently 
made profuse claims of Russia's pnonty m many scientific 
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discovenes, on top of spectacular publicity of some spuri- 
ous scientific accomplishments This last propaganda line 
becomes self-defeating in its ridiculousness But it would 
be most unfortunate if Soviet propaganda succeeded in 
bringing Russian science into disrepute and in obscuring 
its solid historical roots and achievements ” 

The historical roots of Russian science go back to the 
early part of the eighteenth century when Peter the Great 
imported Western culture into his primitive Russian Em- 
pire In a very real sense, the first scientific laboratory in 
Russia was a museum in St Petersburg called the Kunst- 
lamera, where Peter collected and placed on display vari- 
ous chemical and physical research instruments he had ob- 
tained during his frequent trips to the scientific and 
cultural centers of \\^estem Europe It was Peter also who 
developed the idea for a Russian Impenil Academj^ of Sci- 
ences, an institution that came into being in St Petersburg 
a >ear after his death in 1725 and has been in continuous 
existence ever since Now located m Moscow, where it is 
used as one of the devices through winch the Soviet gov- 
ernment controls Russian science, it bears the new name, 
Academy of Sciences of the USSR 
From 1725 to 1917 Russian science advanced steadil), 
sometimes because of Czarist patronage, sometimes in 
spite of Czarist interference or indifference But it ad- 
vanced, and throughout the entire penod it remained in 
close contact with the West At first it relied almost ex- 
clusively on the West for sustenance This came in the 
orm of knowledge, techniques, equipment, and teachers 
lany of the foremost scientists of Western Europe were 
ravvn to Russia to spend months or years at the Imperial 
cademy or at the new universities that were beginning to 
come into being in Russia’s larger cities ( the University of 
Moscow was established in 1755) In addition, many Rus- 
sian students traveled widely m the West, takmg graduate 
degrees at Western universities or working on research 
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projects under the tutelage of Western scientists Later on, 
as Russian science began to become less of a student and 
more of a colleague of the West, many of Russia’s leading 
scientists visited Western institutions as teachers and as 
research collaborators, to the proBt of the West 

During the last half of this t\vo-century penod Russia 
contributed many a star to the galaxy of world scientists 
Of all these, perhaps the name most widely known in the 
Western World is that of Mendelycev As almost every 
high-school physics or chemistry student knows, it was 
Mendelyeev who in 1869 discovered the relationship be- 
tween the physical properties and atomic weights of the 
elements of the earth The penodic table showng this re- 
labonship may now, witli later modiiicabons and improve- 
ments, be seen on the walls of classrooms and laboratories 
in all parts of the world Any hst of important Russian sci- 
entists would also have to include tlie physiologist Pavlov, 
who won the Nobel Prize m medicine and physiology m 
1902, the pathologist Metchnikov, who shared the Nobel 
award in medicine with Ehrhch of Germany m 1908, the 
mathematician Lobachevsky, who discovered non-Euclid- 
lan geometry simultaneously with Bolyai in Hungary, and 
such others as the chemist Butlerov, the physicist Lebe- 
dev, and the mmeralogist Vernadsky, all of whom have 
made disbnguished names for themselves in the West 

Russian scientific progress was badly damaged, how- 
ever, by the Bolshevik Revolution of 1917 and the civil 
war that followed Many of the more prominent scientists 
imderstandably left the country and became exiles, and 
those who remamed were regarded— as former members 
of the mtelhgentsia of the Czanst regime— with a good 
deal of suspicion or oubight hosbhty by their new prole- 
tarian overlords 

To supplant these distrusted but nevertheless useful 
holdovers from Imperial Russia, the Communists at- 
tempted to tram a new class of scientists and engmeers 
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from among the workers and peasants, but this did not 
meet witli much success Soviet science nevertheless con- 
tmued to progress throughout the I920*s, although it un- 
doubtedly did not progress as rapidly as it might have if 
so many leading figures in Russian science had not been 
driven to Western Europe and the New World (Some 
came to the United States, and the excellence of tlieir work 
not only helped our o^vn scientific progress, but also gave 
us a good insight mto the really high level of quahty Rus- 
sian science had attained ) 

One reason why science m Russia continued to advance 
during the decade following the Revolution was that no 
real attempt ^vas made by tlie government to control or 
subvert free scientific inquiiys and most of tlic day-to-day 
contacts of Soviet scientists with the scientists of the rest 
of the world remained intact It was scientists as members 
of the suspected mtellectual class that the Sonets didn’t 
like, not science per sc, and the ideal of free science con- 
tinued to persist, probably because the government had 
not yet had time to turn its attention to this still undisci- 
plined mhabitant of the workers’ paradise 
In the 1930 s, however, two things of considerable im- 
portance happened First, tlie Soviet government suddenly 
recognized the intelhgentsia as "a pillar of Sonet society ’ 
The scientist, as a member of this class, no longer had to 
slink m the back door, he was suddenly invited mto the 
parlor Rubles, ration cards, Stahn prizes, and commodious 
quarters began to come his way in abundance, and the 
leading scientists achieved a status in the Soviet Umon 
equal to that of the leading bureaucrats Moreover, the 
children of the upper-middle-class intelligentsia began to 
be ehgible for scholarships m the leadmg mstituhons of 
learning, and science m general acquired a new and valu- 
able source from which to draw recruits 
But something else began to happen The State began 
to take an increasing mterest in just what its scientists 



292 Bcport on the Atom 

were doing In other words, it became interested m sci- 
ence as science The licavy hand of “policy” began med- 
dling with the delicate and objective experiments taking 
place on the laboratory bench Tins had a number of in- 
teresting results One of the first avas the isolation of Soviet 
science The Iron Curtain a\as lowered between the scien- 
tific communities of the East and West This happened m 
the 1930s when a steadily increasing number of Russian 
scientists who had accepted invitations to scientific meet- 
ings in the West found only tlic implacable smile of the 
Foreign Office functionary where their passports should 
have been They didn’t leave the USSR, and virtually 
no scientist, other tlian a few trusted spouters of the party 
lino, has left since Nearly all invitations to Western scien- 
tific meetings are refused, if they are acknowledged at all 
And the same tiling is true of all but a few Western scien- 
tists who have attempted to obtain Russian visas to travel 
m the other direction The traditional “one world” of sci- 
ence became two 

Another result of tlie Soviet government’s increased m- 
terest in science, perhaps designed to compensate for her 
lack of contact with the West, was a concerted effort to 
corral and hold in Russia all the scientists it could lay its 
hands on Tlie no-passport policy was part of this effort, 
and it was useful to the Soviets, for it served to ehmmate 
the gradual attrition caused by those who left for a scien- 
tific meetmg in London, Fans, Copenhagen, or New York 
and decided not to go back to Russia Also, as part of this 
effort, the Soviets instituted a pro^am designed to entice 
as many wandering Russian scientists back to Russia as 
possible, and to keep in Russia all those who for one rea- 
son or another— whether from a desire to see friends or 
family or a wish to communicate directly with scientific 
colleagues— decided to revisit tlieir homeland for a while 

Probably the most distinguished of this latter group ivas 
the well-known and very highly regarded physicist Peter 
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Kapitza, Fellow of the Royal Society of Great Britain, Di- 
rector of the Royal Society’s Mond Laboratory at Cam- 
bndge University, and one of the world’s foremost experts 
on low-temperature studies Kapit7a had received his 
training in physics at the Petrograd Institute of Tcchnol- 
og), completing his work about the time of the 1917 Rev- 
olution He remained at this Institute (renamed Lenin- 
grad Tech) as a lecturer until 1921, when he left Russia 
for Cambridge, England At Cambridge he rose rapidly 
until he became director of the Mond Laboratory and 
won a respected place for himself m world science 
Each >ear while he was in England Kapitza returned to 
Russia for a short visit In advance of each of these visits 
he obtained a letter from Russian authorities assuring that 
a return visa would be issued to him In 1935, how'ever, he 
was persuaded not to request such a letter, on the grounds 
that it made him appear not to trust the Soviet govern- 
ment He did not request the letter, he went to Russia for 
his annual visit, and he never came out Although it is not 
Imown exactly what was said to Kapitza when he returned 
to Russia m 1935, it might well have gone something like 
this 

‘Peter Leonidovich, we are proud of you and what )ou 
have done for Russian science m the West We don’t blame 
you for leaving m 1921, but now we would hke to have 
you back Things have changed a lot since you left Those 
coarse fellows who made everything so difficult back in 
the early 1920 s are no longer in a position of authonty, 
and, under our great leader Stalin, the inherent value of 
science and scientists to Soviet society and culture is well 
recognized If you remain ymu will have your own labora- 
tory with all the equipment and staff you need, vou will 
be paid w ell, and you will have an honored place m the 
society of our country Wc* want you to stay, and besides 
that, it will be impossible for you to leave even if you 
want to ” 
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But whatever was said, and whatever motivated Ka- 
pitza, he remained in Russia Until about four years ago he 
applied hfs brilliant talent and valuable evpenence to the 
objectives of Soviet science as Director of the Institute for 
Physical Problems of tlic Academy of Sciences of the 
USSR in Moscow The honors he received include hvo 
Stalin pnzes, m 1941 and 1943, and the Order of Lenin m 
1943 

For the past four years, however, he has been under 
what amounts essentially to house arrest in his home out- 
side Moscow, apparently for failure to continue to follow 
government instructions His only pubhc appearances are 
occasional lectures in Moscow 

Another result of the Soviet government’s increased in- 
terest m science m the 1930s was the almost inevitable 
injecbon of the "party line” into certain areas of scientific 
inquiry, particularly those where some Marxist principle 
was at stake At the American Association for the Ad- 
vancement of Science’s symposium on Soviet science in 
1951, published by the National Science Foundation in 
tile book Soviet Science, most of the expert American ob- 
servers of the Russian scientific scene who participated in 
the discussions agreed that unscientific pohtical mfluences 
had penetrated many Soviet fields of scientific endeavor 
and badly damaged some The field most affected is prob- 
ably genetics, where the quackery of the now notonous 
Lysenko dommates Soviet thinking with the full backing 
of the Soviet government Other fields in which govern- 
mental interference has hurt science and lifted quacks to 
positions of great prestige and influence are psychology, 
psychiatry, physiology, pathology, and biology The fiel^ 
most free of this kmd of mterference are physics, chem- 
istry, and mathematics, and these, significantly, are the 
Imes of scientific endeavor that are most vital to a sturdy 
atomic energy program Although ideology is a factor m 
the esteem with which notable foreign physicists, chem- 
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ists, and mathematicians are regarded m Russia, this usu- 
ally does not interfere witli the utilization of tlieir disco\- 
enes in Russian physics, chemistry', and mathematics 
Einstem, for example, is looked upon as being rather too 
much of an ideahst to be rated highly as an individual m 
Communist eyes, but this does not prevent the Russians 
from accepting his theory that matter can be transformed 
into energy, as in an A-bomb explosion 
To ohtam some feeling for the quality of Russian phys- 
ics, chemistry, and mathematics today, there are sev'eral 
places the average American layman can look There are, 
example, the judgments of the American experts who 
know Russia best Of these, a good example is John Turke- 
vich of the Department of Chemistry at Princeton Univer- 
sity, who, With his wife Ludmilla, is employed by the 
Atomic Energy Commission’s Brookhaven National Lab- 
oratory to translate Russian scientific papers for the bene- 
fit of American researchers This is what Turkevich says 
about Russian physics and chemistry ‘ It is evident to any 
observer that Soviet chemistry and physics is a well or- 
^ody of well trained scientists carrying out cred- 
itable work in many branches of their subject in the best 
tradition of the West ” 

Another such expert is J R Kline of the Mathematics 
epartment of the University of Pennsylvania, a leading 
s u ent of Russian mathematical activity This is what he 
says 1 would like to describe Soviet mathematics as a 
most active and fruitful activity where fundamental re- 
^ ts are being obtamed and where there is no evidence 
^ ought control Russia has always been very strong in 
oiat ematics, and American mathematical science received 
t from a group of Russian mathematicians who 

iett the Soviet Union about the time of the Revolution to 
positions at such American mstitutions as 
ord, Dartmouth, Brown, and the universities of Mich- 
igan and Pennsylvania 
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Tlicn consider the known accomphshments of Russian 
scientists m non secret areas The following random faclK 
are both interesting and revealing 

1 In 1927 the Russian physicist Skobelzyn substantially 
advanced nuclear research by adapting the Wilson cloud 
chamber to the study of cosmic rays 

2 Tlic first cyclotron in Europe was built at the Radium 
Institute m Moscow in 1937 

3 In 1939 the two Russian physicists Flerov and Petra- 
zlnk announced their discovery of the spontaneous fission 
of uranium 

4 In IQ-IS the Russian physicist Veksler developed and 
put fon,vard the idea of the synchrotron about the same 
time that it was proposed independently by the American 
scientist McMillan of the Radiation Laboratory of the Uni 
versity of California A synchrotron is generally similar to 
a cyclotron, but is of advanced design 

Still another good indication of the competence of Rus- 
sian scientists is the information that is published m Rus- 
sian scientific journals, of which there are many Scientific 
publications are always a good clue to the scientific health 
and activity of a nation, even though today, especially in 
Russia, a good deal of what is accomplished is never pub- 
hshed where it would be exposed to prying Western eyes 
But enough is still published to tell us that scientific activ- 
ity in Russia today is veiy vigorous 

Until 1947 all scientific papers published m Russia bore 
titles and abstracts in English or German as well as m Rus- 
sian, and two periodicals, the Journal of Physics and Acta 
Physicochtmtea, were published in all diree languages In 
1947, however, this practice was discontmued, and today 
Russian scientific publications are printed only in Russian, 
thus making it even more diflScult for Western scientists 
to keep contact with the work of their Russian colleagues 
It IS to help overcome this latest obstacle that the U S 
Atomic Energy Commission s Brookhaven National Labo- 
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ratory emplo}s the Turhe\iches to translate into English 
certain of the more important Russian articles, as ^^cII ns 
the titles of all articles published m the t^^ enty leading 
Russian scientific journals 

fha\e on my desk, as I am writing this, one of the list- 
ings of Russian titles that the Turkey ichcs ha\ e translated 
I chose it at random from among many such listings I ha\ e 
in my bookcase It co\crs sir issues in 1951 of Acadc- 
iJWja Noiih, SSSR, Doklady^ winch means Reports of the 
RSSR Academy of Sciences DoUadi/ is the most impor- 
tant scientific publication in Russia It comes out three 
tunes a month and includes articles in c\cry' field of sci- 
ence To ha\e an article published m DoVadtj, a scientist 
niust either be a member of the Academy of Sciences or his 
article must be sponsored by a member I note tint the is- 
sue for September 1, 1951, contained thirty -si\ articles, 
and the issue for September 11, 1951, contained thirty- 
eight articles under such headings as mathematics, matlie- 
matical physics, chemistry, biochemistr\, chemical cngi- 
neenng, geology, microbiology, plant physiology', and 
embryology 

To provide an insight into the ty’pe of research areas 
covered by these papers, here are half a dozen of the trans- 
lated titles 


\ of tile Ionizing Power of Particles 

'^ith a Mass between the Mass of the Proton and Meson” 
y three scientists of the Physics Institute of the Armenian 
^ S R^ Academy of Sciences 

2 "Magnetic Properties of Mercury at Low Tempera- 
tures by three scientists of the Physico-Techmcal Insti- 
ute of the Ukrainian S S R Academy of Science 

3 Reaction of Carbon Tctrachlonde with Alcohols” 
Dy two scientists of Gorki Slate University 

4 Generalization of Some Convergence Theorems of 
Power and Trigonometric Senes’ by a mathematician of 
tue Kalinm State Pedagogical Institute 
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5 “Nfulliplc Formation of Mesons” by two physicists of 
Moscow State University 

6 “Angular Distribution of Energy of Secondary Radia- 
tion Giv'cn Off by Pnmary Cosmic Particles” by two phys- 
icists of the Physics Institute of the USSR Academy of 
Science 

Some of the other leading scicntiOc publications in Rus- 
sia are the Journal of Eipcr/menfeJ and Theoretical Phys- 
ics, Journal of Technical Physics, Journal of General 
Chemistry, and Journal of Applied Chemistry Two of the 
more popular journals are Progress of the Physical Sciences 
and Progress of Chemistry, which review the scientific 
journals of the Western World and report very compe- 
tently to tlie Russians what is going on m the scientific 
world beyond the Iron Curtain Some of these publica- 
tions arc diSicuIt to obtain m the United States, but all 
are shipped regularly to the Library of Congress m return 
for American non-secret pubhcations sent to Russia under 
a formal exchange agreement 

Science m Russia today is sponsored and controlled by 
the government, actmg through Uie Academy of Sciences 
and/or the mmistnes of Higher Education, Health, Agn- 
culture, various industries, and the Armed Services The 
Academy is divided mto several sections looking after 
particular fields, such as chemistry, physics, and mathe- 
mabes Each section in turn operates a number of msb- 
tutes The section on physics and mathematics, for exam- 
ple, has, among others, the Institute of Physical Problems 
in Moscow, formerly headed by Kapvtza, and the Physico- 
Technical Institute m Lenmgrad The institutes work very 
closely with the imiversities m the areas where they are lo- 
cated The money needed for scientific research is ob- 
tamed by each mstitute from the Presidium of the Acad- 
emy of Sciences The institute lays out its program for the 
year, requests the funds needed from the Presidium, and 
either receives or does not receive the grant At the end of 
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each year the institute must report to the Presidium on 
just what it accomplished with the money it received If it 
hasn’t accomplished what it said it would accomplish, it 
IS in trouble The total number of people associated with 
the Academy and its affiliates is probably more than forty 
thousand, including more than twelve thousand scientists 
and technicians 


All of this vast scientific machinery can be turned in 
any direction the government wishes Much of the work 
in physics is undoubtedly steered m the direction of 
atomic energy development, just as much of the Russian 
work m chemistry from 1921 to 1935 was steered m tlie 
direction of synthetic rubber Russia needed synthetic rub- 
ber, and Russia got it dunng that period by means of an 
all out applied-research program Independently of the 
rest of the world, she developed a means for produemg 
synthetic rubber from butadiene, which is derived from 
alcohol 


With the conclusion of World War 11, the Soviets ex- 
tended their practice of corrahng scientists to include those 
they encountered m the Eastern Zone of Germany These 
immediately put to work on the projects in which 
the Soviet government was most interested, includmg 
atomic energy They were taken into Russia and treated 
roy^y, altliough they were closely watched and con- 
trolled At first they were permitted to leave Russia only 
m the company of a commissar or army officer on expedi- 
tions to East, and even West, Germany to obtain recruits 
or the Russian scientific programs More recently many 
nave been permitted to return to East Germany 
A good insight mto the vigor with which the Soviet Un- 
ion IS pnrsumg atomic research and development, and the 
manner m which scientists are treated there, is given by a 
German scientist who managed to escape in 
1^47 For obvious reasons his name cannot be given but 
there is good reason to believe that he knows hereof he 
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speaks Tins Is what he said in 1947 in Nenstadt, Germany, 
after his escape 

“At least 200 German scientists and technicians, includ- 
ing some of Germany’s foremost nuclear physicists, are 
uorking in a virtual paradise for the Russian government 
on problems of nuclear physics Tliey work in Moscow, in 
southern Russia, and in Siberia beyond tlic Urals 

“German scientists gel eveiy'thing tlicy want for their 
work and tlieir personal needs But in reality they live in 
a golden cage You get paid (the equivalent of) from 
$14,400 to $36,000 a year Tliey give you a big house and 
all the personal servants you need If you want cigarettes, 
you get all you can smoke If you want luxury foods, you 
get them But you are trapped in tlie golden cage 

"The Russian scientists arc engaged on theu' o\vn proj- 
ects No German scicntiCc w'orker knows what the total 
knowledge is It is like a mosaic Somebody is collectmg 
all the information and puttmg each stone into the pat- 
tern ” 

This German scientist, now at work in this country on 
projects not connected wUi tlie atomic energy program, 
concluded his statement with this remark “From the ad- 
vanced work being done, and from what I have seen and 
heard, I estimate Russia will know how to make an atom 
bomb withm three to five years ’ That was m 1947 Actu- 
ally, the Russians exploded their first bomb in 1949 

As we now know, the Russian atomic effort has been 
supplemented by information obtamed from the West 
through espionage, notably from the British scientist Klaus 
Fuchs and the spy rmg built up around him Although it is 
clear that Russian science could itself have developed all 
the knowledge it needed for an atomic weapons program. 
It IS quite probable that the efBcient spy rmg around Fuchs 
advanced, probably by as much as a year and a half, the 
date by which the Russians achieved Aeir first bomb It is 
now beheved also that anodier British scientist of consid- 
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erable ability, Bruno Pontecorvo, disappeared behind the 
Iron Curtain in September 1950, where he is quite prob- 
ably at work for Russian science 
But the Russians need no longer rely for their scientific 
strength upon holdovers from the old days and imports 
from the West They have done much to improve and ex- 
pand their educational system so that it will produce ever 
mcreasing numbers of skilled people The number of 
higher educational insbtutions in Russia, most of which 
nowadays are primarily concerned with producing profes- 
sional persormel, has increased from about 150 in 1930 to 
900 in 1952 During this same period, student enrollments 
have gone up from about 200,000 to about l,d00,000, in- 
cluding extension-course enroUecs, and the annual gradu- 
ating classes in the Soviet Union now total about 200,000, 
of which about half are scientific or tecbnical people This 
last figure compares with the about 100,000 scientific or 
technical students who are graduated annually in the 
United States 

About 30,000 engineers were graduated by Russian 
schools in 1952, and this figure may increase to about 
40,000 by 1955 American production of engineers ivill av- 
erage about 22,000 annually over the next four years, al- 
though the rate is expected to increase substantially there- 
after In 1950, a more favorable year, 50,000 engineers 
were graduated in the United Stales It is difficult to give 
statistics regarding the Russian production of individuals 
correspondmg to our Bachelor of Science graduates m the 
basic sciences, but at the level most nearly comparable to 
our Ph D in science it appears that Russian production is 
annually about equal to ours at the present time 
The quahty of professional training m Russia is appar- 
ently very good Admission to Russian institutions of 
higher learning seems to be largely on the basis of ability, 
and subsidies by the government make it possible for all 
individuals of real ability to complete their trammg The 
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published examinations that must be tahen by candidates 
for admission to the engineering schools and universities 
indicate a level of secondary school training in matliemat- 
ics, chemistry, and physics that fs at least comparable to 
that expected of United States high'Scliool graduates 

In addition to the training of professional engineers, 
about 3,500 technical schools in Russia tram specialized 
subprofcssional technicians, and these turn out more than 
250,000 trainees annually Although the United States has 
only about twenty such sdiools, ibis docs not take into ac- 
count the technical courses offered in our high schools or 
the vast training programs conducted in this country by 
industrial concerns But the Russian step-up m education 
at all levels is striking, and this is a fact that cannot be 
Ignored in any evaluation of Russian scicntiGc and tech- 
nical competence 

It has been said tliat one ma) characterize Russian sci- 
ence by paraphrasing the description of the little girl in 
kindergarten '‘Wlicn it is good, it is very, very good, but 
when It IS bad, it is Iiomd ” It should be of very small com- 
fort to us that Russian science is far h-om horrid m those 
fields which relate most duecUy to the development of a 
strong atomic energy program 

Produchon Capability 

We have seen up to this pomt that Russia has the raw 
materials, mcludmg uranium, and the scientific compe- 
tence necessary to a sturdy atomic energy program But 
vi'hat of her production and technological capafaihties? Is 
it true, as some GI s retummg home from World War II 
would have us beheve, that the average Russian does not 
even have the mechanical talent to repair a broken jeep? 
Certainly such an impression prevails widely And is it 
true, as some have said, that— while Russia has able scien- 
tists and engmeers at the top of her mdustnal structure, 
and an unlimited supply of labor at the bottom— she is m 
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very short supply of those essential intermediate people, 
such as skilled craftsmen, shop foremen, and divisional 
superintendents? 

There is some truth in this generalization, but it is dan- 
gerously misleading The proof of the pudding, after all, is 
m the eating, and Russia during and smce World War 11 
has been mass-producmg tanks, rockets, artiUer)', and air- 
craft of high quahty These are facts, and one hardly needs 
any more of a current reminder than the behavior of the 
MIG-15 ]et 

We have consistently underrated the Russian techno- 
logical and production achievement, and it is now tune 
we stopped doing it Her performance during and since 
World War II is there for us to see, and it is time we 
started to believe what we see 
If, at the end of World War II, one had plotted the 
relative technological achievements of the U S and the 
USSR in the weapons field, he would have found that, 
while we w'ere perhaps as much as two years ahead of the 
Russians in the development of mihtary aircraft— giving 
consideration to such characteristics as speed, altitude, 
pay load, range, and the hke— tlie rate of technological de- 
velopment generally was approximately equal In otlier 
words, if the technologists of each of the two countries had 
been presented with a complete set of aircraft blueprmts 
on. die same day, the race would have been a dead heat to 
the point of achievmg the Erst prototype, and a dead heat 
agam from prototype to mass production This, as much as 
anythmg else, demonstrates the high performance capabil- 
ity of our current rivals 

For some weapons of warfare, the U S S R reached mass 
production two years behmd the U S , for others, it was 
two years ahead of us The over-all rate of development, 
as with au-craft, was approximately equal So it was with 
tanks By the end of the war, Russian tanks were more 
heavily and powerfully anned than U S tanks, although 
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tlic American product had greater speed Again, how- 
ever, the rate of development was approximately equal 
I liave heard Russia’s capability in technology and 
weapons production deprecated by persons who assert 
that Russia is an imitator, and that if B-29s, to take an ex- 
ample, had not been forced down in Russian territory, 
Russia today could not be making the Russian counterpart 
of that airplane in quantity I don t believe it, and here 
again we would do well to learn from history Develop- 
ments in the field of aircraft engines arc a good illustration 
During the war the Russians compressed into two years 
the jump from 1,500 horsepower to 2,200 horsepower m 
aircraft engines, an achievement that had taken the U S 
four and one-half years It is troc tliat the engines devel- 
oped by tlie Russians were modifications of German, 
French, and American designs, but— and this is an impor- 
tant 1301”— the higher horsepower developments were not 
copies of similar developments in the Western models 
They represented instead original engmeenng along en- 
tirely independent lines by the USSR 
World War II experience should have demonstrated 
that m almost every major technological effort, with the 
possible exception of petroleum, the Russian development 
rate was about equal to ours Thus, if the Amencan atomic 
energ) program, for which the first production facihties 
were built in 1948, could test an end product m 1945, no 
one should have been surpnsed, even discounting the ef- 
fects of espionage, when the Russians tested their first 
bomb in 1949 

Ability to Unite Other Ingredients into a Strong Pro- 
gram 

The Russian system produces a number of advantages, 
as well as disadvantages, msofar as the will and abihty to 
accomplish things is concerned The net result, however, 
IS that there are enough advantages to make it possible for 
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big things to be done in a big \\ay— at a price in human 
freedom and dignity Among her at least superficial ad- 
vantages IS her almost unlimited suppl) of sla% e and prison 
labor, which, in Russian eyes, need not be fed, clothed, or 
treated decently and humanely With plenty of labor and 
v-ith the concept that this labor is c'cpendable, she auto- 
matically eliminates the elaborate and costly bealtb and 
safety devices which a democracy must employ— and 
should employ 

Among the disadvantages of her system is the fact tint 
scientists and engineers do not work honestly and boldly 
-and therefore at their best— under the eyes of the secret 
pohee This is not the kind of atmosphere m which ideas 
sre nurtured and brave new things are tried It is the kind 
of atmosphere that produces fear, and wath fear comes 
caution and conservatism There arc many examples of 


In 1942 a Russian delegation came to this country to 
secure information on various petroleum-refinmg methods 
considerable study the delegation chose a method 
raown as the Houdry process" as Sie one they wanted un- 
cr Lend-Lease At that time the Houdry process was the 
only catalytic cracking process that had several years of 
proved refinery operation behind it Other methods Ind 
oeen developed, but they had not been completely per- 
ected Some of these, however, gave evidence of soon out- 
stnpping the Houdry process m economy and production, 
and had, m fact, been almost universally accepted m 1942 
for all future catalytic cracking units that were subse- 
qimntly installed in the U S Although information on the 
other processes was made available to the Russians, alone 
with the Houdry method, they were unwilling to gamble 
on what, from an engmeenng pomt of view, was a rela- 
tively sure thmg 

Ku«ian science has also suffered over the tears from 
purges This should be a lesson to us Whenever the gov- 
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emment atlemplcd to bend scjcntifjc findings to make 
them fit some political pronouncement of Marx or Lenin or 
Stahn, science suffered, and one finds such scientific quachs 
as Lysenko in positions of great innuence m Russian sci- 
ence To date, these scientific frauds have not penetrated 
into an activity so vital to Soviet aggrandizement as atomic 
energy, but under the totalitarian Communist system, such 
a possibility always exists 

Tlie Russian program teaches us anotJier lesson One 
always pays a heavy pnee for compartmcntahzation as an 
aid to security To be sure, it is safer to hold certain infor- 
mation to a limited few, but this frequently reduces the 
rate of progress We have found in the American program, 
for example, that when we call in all of our laboratones— 
not just one— to tackle a problem, our rate of progress fre- 
quently increases almost by as many times as tlie number 
of laboratories called in Tlie Russians, under tlieir system 
of compartmentahzation, attempt to achieve the develop- 
ment of new ideas at no risk to security by the device of 
assigning one— and only one— of their institutes a high- 
pnonty task calling for all of the talents available in that 
institute I suggest, however, that on some occasions they 
have thereby achieved a high degree of security at a 
cost that must be measured in terms of a heavy loss m 
ideas 

But on the “advantage side, the reader should bear m 
mmd that Russia can compel any pnoribes that she de- 
sires, and that a vast spy network, which has been obvi- 
ously successful in the past, serves her military atomic en- 
ergy program He should also have m mmd that Comrade 
Bena, who so recently headed the atomic effort, was also 
m charge of slave labor and the secret police These three 
activities are closely related in the Russian atomic energy 
program It might also be well if they had a relationship 
in the mmds of the peoples of the free world, for, if Rus- 
sia’s atomic energy program is sufficiently successful to 
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conquer the world, we can expect thereafter nothing but 
slavery under the cold eyes of a pohce state— or a worse 
fate, that of Berm 

How many bombs do the Russians have? The precise 
number doesn't matter They have enough, if dehvered on 
target, to hurt this country badly A distressmg thought? 
Yes, but a fact of life and a fact which, once understood, 
IS the basic premise for the development m America of an 
intelhgent national defense plan 


PS Smee this chapter was written but just before it 
'\ent to press the Soviets announced the explosion of a 
h)drogen bomb, and the Atomic Energy Commission of 
the United States confirmed the Russian annoimcement 
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Tlie Way Ahead 


In this booh we have examined the atomic energy pro- 
gram of the United States as it exists today We hive also 
glimpsed ratlicr quickly the programs of our competitors, 
both fnendly and hostile But only here and there have we 
attempted to speculate about our future m the atomic age 
Yet there is sometlimg about the atomic age— wluch is now 
just over ten years old— that jntensi£es man’s natural curi- 
osity about what is m store for him m the years ahead 

There have been many attempts to look mto our atomic 
future You have probably read noi’els about life on an 
earth all but destroyed by atomic war, seen pictures of 
what your community would look like if a hydrogen bomb 
exploded over the city hall, and heard stones of how a 
uranium pellet the size of an aspirm tablet might dnve 
an ocean Imer many times around the world, your car 
throughout its entire lifetime, or a rocket ship to the moon 
You have probably listened to guesses as to when cancer 
will be cured, food made plentiful, free electric power 
produced, and new species of plants and a nimals created, 
all through atomic energy 

Some of tins speculaticm has been based on sound scien- 
tific fact, much more, unfortunately, on romantic and un- 
scientific fallacy One thmg, however, is clear We know 
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\\hat the atomic age has produced m its first decade 
Weapons of staggermg power have been developed and 
tested and placed m our national stockpile Usable atomic 
po\\er has been generated m experimental quantities 
Work has been undertaken on an atomic-powered subma- 
rine that will be completed next ) ear A great, multibiUion- 
dollar mdustry has been built up to manufacture the fuels 
and explosives of tlie atomic age m mass-production quan- 
tities Some diseases, notably hj’perthyroidism, can al- 
ready be cured or at least inhibited by radioisotopes And 
some farmmg and industrial techniques, such as fertilizer 
placement, radiography, and thickness measurement, have 
already been improved substantially through the utiliza- 
tion of radioactivity 

Without doubt the most conspicuous progress to date 
has been in the field of weapons design and manufacture, 
but general technical advancement has also been encour- 
aging When one considers the state of development a 
decade after the discovery of electricity or the invention 
of the mtemal-combustion engine, he may realize how 
rapid the progress in atomic energy has been 
But what of the future? What really is m store for man- 
kind m the atomic age? Probably the best answer is 
“Who knows?’’ Unfortunately, the people who are m the 
best position to predict have been busy doing somethmg 
else during the past decade They hav e been busy design- 
ing and building the gargantuan facihhes where fission- 
able matenals are produced, or developmg, testing, and 
minufacturmg weapons, or pushing apphed-research pro- 
grams so that the results could be incorporated on an al- 
most day-to-day basis into an enormous construction ef- 
fort 

Tlie past decade has been a fluid period, an mvenbve 
period, and a period of great haste It has been a time 
when people have concentrated, perhaps too narrowly, 
upon those projects with the greatest promise of immedi- 
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ate practical iitibzation m the program to acquire ore, pro- 
duce fissionable malcnal, and manufacture weapons 

I mabc no apology for the part I have played m main- 
taining tins emphasis Indeed, I Iiav'c considerable pnde 
m It, for, as I Jiave said many times before, I believe it has 
done much to deter another world war It has, however, 
left something to be desired so far as long-range planning 
IS concerned But these days of urgent and rapid e>cpansion 
are now nearly over The last major expansion program 
has, I Iiopc, been undertaken Bcgmning now, more atten- 
tion can and should be given to the job of plannmg for 
the way ahead Even out of the hectic past there have 
emerged a number of promising lines of endeavor that, if 
pursued vigorously, can begin to affect substantially our 
economy and our mode of life Nvithm the next decade 

It IS very difficult to predict with any degree of cer- 
tainty just where tlicse lines of endeavor may lead us, for 
our rate and direction of progress will be determmed far 
more by unpredictable man tlian it will by the predictable 
atom It IS, therefore, impossible to foresee just where we 
shall be m the development of atomic energy a decade 
from now, it is only possible to predict where we can be 
if we want badly enough to get there 

Thus, by the end of the next decade it is very possible 
that man xviU be able to build atomic power plants that 
can compete favorably with those burning coal or oil It 
IS quite possible tliat at least ten per cent, and possibly 
more, of all new electric generating facilities bemg built 
in tlie United States m the year 1963 will use nuclear fuels 
The percentage m some otiier countries, such as Belgium, 
where coal is expensive, might be even higher, ultimate!) 
it will certainly be higher 

In ten years we should also be able to have m operation 
a number of reactors capable of producing power and 
breedmg new nuclear fuel from uranium or thorium at the 
same time 
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In addition, the next ten years should sec the use of 
atomic engines, not only in submarines, but also in large 
surface vessels, such as aircraft carriers of the U S Navy 
—if we want them It is also possible, although less likely, 
that an atomic propulsion plant wall be developed tliat 
could be used economically in commercial ships Wc may 
not see all this m ten ) ears, but it is virtually certain that 
ue could see it 'witliin the next fifteen— again, if we 
^\ant to 

Another possibility for the next decade is an atomic- 
powered aircraft for the Air Force Whether this is 
achieved depends almost solely on how much money 
the government is willing to spend annually on its de- 
velopment I would doubt, however— no matter how 
much money is spent— that there will be any atomic- 
powered airplanes in commercial use within ten years, 
although It is quite possible that this will become a reahty 
later on 

One place where the atomic engme may come mto its 
o^vn IS in the now all but forgotten field of dirigibles A 
dingible could carry aloft the very heavy shieldmg re- 
quired for an atomic engme much more easily than could 
an airplane The danger of fire would also be greatly re- 
duced by the use of atomic fuels, for they will not bum m 
the sense that gasoline or oil will Although I would be a 
little surprised if any atomic-powered dirigibles were to 
be m commercial service by 1963, 1 beheve an experimen- 
tal model could be in the air by that time if someone were 
willmg to pay for it I can see no reason why someday, 
possibly withm fifteen or twenty years, such aircraft should 
not be available for commercial use 
I believe it would even be possible within the next 
decade to have atomic-powered locomotives I should be 
^rpnsed, however, if this were attempted by so early a 
date The special hazards presented by an atomic engine 
and the expense of developmg one that might fit a loco- 
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ate practical utilization m the program to acquire ore, pro- 
duce fissionable matenal, and manufacture weapons 

I make no apology for the part I have played in main- 
taining this emphasis Indeed, I have considerable pride 
in it, for, as I Jiave said many times before, I believe it has 
done much to deter another world war It has, however, 
left somctliing to bo desired so far as long-range planning 
IS concerned But these days of urgent and rapid expansion 
are now nearly over The last major expansion program 
has, I liopc, been undertaken Beginning now, more atten- 
tion can and should be given to the job of planning for 
tile way ahead Even out of the hectic past there have 
emerged a number of promising lines of endeavor that, if 
pursued vigorously, can begin to affect substantially our 
economy and our mode of life xvathm the next decade 

It IS very difficult to predict uatli nn> degree of cer- 
tainty just where those lines of endeavor may lead us, for 
our rate and direction of progress will be determmed far 
more by unpredictable man than it will by the predictable 
atom It IS, therefore, impossible to foresee just where we 
shall be in tlic development of atomic energy a decade 
from now, it is only possible to predict where we can be 
if we want badly enough to get ^ere 

Thus, by the end of the next decade it is very possible 
that man will be able to build atomic power plants that 
can compete favorably with those bummg coal or oil It 
IS quite possible tliat at least ten per cent, and possibly 
more, of all new electnc generating faciLties being built 
in the United States in the year 1963 will use nuclear fuels 
The percentage m some other countries, such as Belgium, 
where coal is expensive, might be even higher, ultimately 
it will certainly be higher 

In ten years we should also be able to have m operation 
a number of reactors capable of producing power and 
breeding new nuclear fuel from uranium or thorium at the 
same time 
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required, such as m central*station electric generating 
plants, m ships, and possibly m some t)'pes of large air- 
craft I do not look for it to be used, at least for some time, 
where very small sources of power are needed, such as in 
house furnaces, small aircraft, or, as w e ha\ e seen, m au- 
tomobiles But the use of atomic energy where large 
sources of power are required will certainly free our sup- 
plies of oil, coal, and gas for wider use in otlier places 
In fields other than power, I would evpect that during 
the next decade radioisotopes and other sources of nuclear 
radiation will come into ever wider use in medicme, indus- 
try, and agriculture More people will be trained m the 
techniques of using them, and the lives of more people 
\vill be helpfully affected by them But the chances of 
something really spectacular occumng in this field in tlie 
next decade are little better than even The most likely 
possibilities are m cancer research, where some important 
advances will very hkely be made (although a smgle com- 
plete ‘cure” for all and any types of cancer is unhkely), in 
the study of photosynthesis, where there is a chance that 
man may uncover the secret of what makes plants grow, 
and in the utihzation of highly radioactive matenak for 
such purposes as the production of new chemicals or the 
sterilization of drugs and possibly some foods 

But what,” you may well ask, “will all this mean to 
me^ If you U\ e in the industrialized East, it may mean 
that Within ten years you will be using m jour home elec- 
tricity that IS produced m an atomic power plant As I 
have stated earlier m this book, this probably will not 
change y our electnc-light bill very much, but it may very 
well make your city a cleaner and more attractiv e place in 
which to live, for no smoke or fumes emerge from such a 
plant Your chances of havmg a small reactor in your base- 
ment to provide heat and electricity directly for your 
home, however, are virtually nil for the next ten years 
and probably for many decades after that, if not forever 
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motive efiicicntly suggest that other possible uses of 

atomic power wll be developed first 

In regard to ntomic-powcrcd automobiles, which have 
been discussed a good deal, I feel that they are out of the 
question, not only for the next decade, but probably for- 
ever Tlie very heavy and bullq^ shielding required to seal 
in the deadly radiations emanating from atomic reactions 
would seem to preclude their use m so small a vehicle 
Also, an atomic reaction requires a minimum amount of 
nuclear fuel (a “critical mass’*) before it will operate The 
amount of power needed to propel an automobile is far less 
than the amount that can be produced by a cntical mass of 
nuclear fuel Tins would tlierefore seem to be a highly mef- 
ficient use of so valuable a source of power There is, how- 
ever, a chance that someone may someday find a way to 
convert the very intense radioactivity of the ashes of a 
nuclear fire (fission products) into heat If this were ac- 
complished It might be possible to use small quantities of 
these ashes to produce heat to drive such small vehicles as 
automobiles I cannot see this bemg done within the next 
decade, however 

Another suggested use of atomic fuel about which there 
has been a good deal of speculation is the propulsion of 
mterplanetary rockets or space ships There is one major 
drawback here An aircraft or guided missile using an 
atomic reactor for power could propel itself through the 
earth’s atmosphere by taKmg air in through the front of 
the craft, heating and thereby expanding it, and then eject- 
mg it out the rear, in the manner of a jet But m space 
there is no atmosphere An atomic space ship would there- 
fore have to carry along some substance which could be 
heated and ejected m order to propel itself The problems 
of weight and bulk that face the designers of space craft 
are therefore not automafacally solved by atomic energy 

In general, m the field of power I look for atomic energy 
to be utilized gradually where large sources of power are 
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investment will be created, new regions of the eartli 
openfd up and developed, new products produced and 
marketed, and new lift-saving techniques introduced into 
the uorld of medicine The atomic age can be a hopeful, 
prosperous, and happ) age Or, as has been said many 
times m the past, it can be the age in which man finally 
succeeds m destroying himself 
The other side of the atom—tlie weapons side— is very 
real There is no point m trying to pretend that it doesn’t 
exist or tliat it is not a dangerous threat to civilizabon The 
Simple truth is that the weapons stockpiles that are being 
accumulated m various countnes of the world today are 
rapidly approaching the point where mankind will have 
the capability to destroy everything on earth The central 
problem of the atomic age, obviously, is to avoid such a 
holocaust This is not a scientific or technical problem, 
however, it is a political one, and if it is to be solved it 
must be solved by diplomatic and pohtical means 
Wars and tlireats of wars have been a part of man’s life 
all through history Although many have tried, no one has 
yet solved the problem of war But now the atomic age has 
introduced a new factor that must be taken into the calcu- 
lations Whereas before the problem was simply one of 
war or peace, it is now one of oblivion or peace With a 
question like this, it is hard to imagme any answer except 
peace Yet man, even in the atomic age, has not chosen 
peace He also has not chosen oblivion, and he seems to 
think he can go on forever without decidmg upon one or 
the other Maybe he can, but the nsks are enormous 
Jh this situation, there is one thing that clearly suggests 
itself as a desirable and perhaps necessary step This is to 
undertake an intensive educational campaign to show the 
people of this country, of the Soviet Union, and of the en- 
ire world what atomic and hydrogen weapons can really 
0 As part of this step, I dunk we must give the public 
some idea of the magnitude of our stockpile and its tre- 
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If you live in an undeveloped part of tlic country, such 
as sections of the Rocky Mountain region, your chances 
of being more directly affected by the coming of atomic 
power arc somewhat greater It ma) be, for example, 
that you will have large quantities of electricity avail 
able where before you had none or very little It may 
moan some mineral deposits can be worked that are now 
undeveloped for lack of power, or that some areas can be 
irrigated tliat arc now barren because there is no power, 
or not enough power, to pump m fresh water The pres- 
ence of ample power may also mean Uiat new industries 
wall move into your section in order to be closer to the 
raw materials produced llicrc I doubt, however, that 
more tlian the very beginnings of these changes wall be 
noticeable in ten years 

No matter where you live, there is an excellent chance 
that within the next decade either your life or the life of 
someone you know will be saved or prolonged or made 
more comfortable by the use of radioisotopes Tlicre is also 
an excellent chance tliat you will have occasion to buy 
some industnal product, such as a tire or an engine lubri* 
cant or a detergent, that has either been developed or im- 
proved through work with radioisotopes If jou are a 
farmer, there is every likehliood tliat you will use some in- 
formation, given jou by jour county agent or local agri- 
cultural experiment station, that lias been derived from 
experimentation watli radioisotopes Work witli these im- 
mensely valuable materials will affect you increasingly m 
scores of different ways as time passes 

These, however, are only the things that we know about 
and can predict witli some degree of certainty on the basis 
of the knowledge we already have I believe, and I feel 
that nearly everyone connected witli the atomic energy 
program believes, that there is more m the atom than this 
But even if there is not, it is still possible for us to visual- 
ize an era m which new opportunities for employment and 
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hold dear to Russian Communism, or inviting Soviet ag- 
gression through unilateral disarmament 
Our national policj today is to deter aggression while 
we continue to look for the a\cnuc that might lead to a 
real peace, and while we build up the economic and de- 
fensive strength of our fnends and allies m the free world 
The atom is vital to all of these goals It is the bulwark of 
our plans for the defense of ourselves and our allies, it is 
the “big stick” that v\ e hope may ultimately encourage the 
nations of the world to establish a secure peace, and it is an 
important means by which we may help to improve the 
ecoriomic health of the free world 
The importance of atomic energy to the future eco- 
nomic health of the free world must not be underrated If 
the present uneasy truce between the East and the West 
continues indefinitely, it will probably be because the So- 
viet Union IS betting that the industrial economy of the 
Western nations will ultimately collapse through overpro- 
duction, unemployment, and depression It is axiomatic 
that we cannot afford to let this happen Atomic energy 
can help to keep it from happening One of the secrets of 
the success of Western democracy is that it contains witliin 
itself the means by which its economy can be constantly 
rejuvenated By providmg for free enterprise and the stim- 
ulation of competition, the West has produced one new 
industry after another that has kept its economy from be- 
coming stagnant Examples are the automobile industry, 
the aircraft mdustry, and, more recently, the electronics 
und synthetic-fibre industries 
Now it is the atomic energy industry Atomic energy 
can help the economy of the free world in at least three 
ways It can provide a new, mexpensive source of power 
that can help reduce industrial production costs m many 
parts of Europe and elsewhere, it can create new markets 
for the mdustnal production of Europe and America by 
helping to open up and develop the backward areas of 
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mendous destructive potential In flirting with ^vorId war 
in tlic atomic age, man is not playing ^Mlh fire, lie is play- 
ing uith the means by which mortal life on earth can be 
ended 

TJic decision to undertake a real educational campaign 
of this nature is not something that can be done alone by 
one agency of government, such as the Atomic Energy 
Commission Sucli a program would have to be under- 
taken by the whole government, and the whole gov’em- 
ment, including both the Executive Branch and the Con- 
gress, w'ould hive to agree dial it was a worth-while and 
necessary thing to do But if it is undertaken, it will at 
least provide the peoples of the world, including the dip- 
lomats, willi an accurate idea of the nature of the choice 
that faces them If they have been unable to make the 
right choice in partial ignorance, perhaps they will be en- 
couraged to make it if they are given a tnie picture of the 
tremendously destructive potential of the worlds stock- 
pile of atomic weapons 

Contmued procrastination by the nations of the world 
m the area of peace and war need not nccessanly he 
fatal, of course If no permanent and secure peace is 
achieved, it is possible for the world to contmue to exist 
in a state of uneasy truce The risks of such a situation, 
however, are naturally great Unless a real and secure 
peace can be achieved, we have no choice but to remain 
strong m the hope that the hand of a potential aggressor 
will be stayed by the threat of absolute retaliation before 
he makes the irrevocable move Here again tlie atom plays 
a leading role If world wars cannot be ebmmated in the 
atomic age through agreement, perhaps they can be elim- 
inated through fear of retaliation This has been the case 
durmg the past eight years, and it may be possible to ex- 
tend this situation indefinitely Although it is a very vveak 
reed upon which to lean, it is certainly better, in my view, 
than surrendermg our freedom, our digmty, and all we 
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ize people m all walks of life with atomic energy and its 
implications This can be done partly by tlie government, 
but it also requires the co-operation of organizations out- 
side of government 

7 Constant review of our security and secrecy restric- 
tions with a view to making public such information as 
would clearly help the attainment of world peace, the de- 
velopment of a good civil defense plan, co-operation be- 
h\een the free nations of the world, and the attainment of 
economically feasible atomic power without hopelessly 
damaging our national defense position 

8 Strong civilian control and responsibility in keeping 
with the spint of tlie Atomic Energy Act of 1946, but al- 
wa)s with the closest possible liaison between the Atomic 
Energ) Commission and the armed services 

The Atomic Energy Commission can do much to carry 
such a program forward It can, for example, preserve a 
strong esprit do corps among the many elements of the 
atomic energy program scientihc, technical, industrial, 
and educational It can keep good relations with the Con- 
gress, with the other agencies of the government, and 
with the general public, thus preventing squabbles and ar- 
guments from slowing up essential work It can keep its 
nose to the grindstone, turning out rapidly the fissionable 
materials and weapons necessary to a strong defense pro- 
gram, and it can do this eflSciently, at low unit cost, by 
businesslike methods and by abidmg by the concepts of 
fairness and impartiality which must accompany the han- 
dlmg of public funds It can make its case and its program 
known and substantially understood And it can, by lead- 
ership and example, foster basic research, encourage in- 
dustrial participation, and keep the program not only ef- 
fectiv e but farsighted 

But the Commission cannot do it all In particular, it has 
no direct responsibility in the effort— of ov ernding impor- 
tance— to secure world peace This is the job of the diplo- 
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Uic world, and, while it is building, it can create new de- 
mands for technical equipment and materials that can in- 
ject a fresh life into the industrial economy of the West 
There is, therefore, a national and international security 
reason why we should pursue as vigorously as we can the 
development of the peaceful applications of atomic en- 
ergy 

If w’e are to work toward llicsc goals, however, we must 
have a strong and clearly defined program for the imme- 
diate future My program would consist of the following 
basic elements 

1 Tlie vigorous prosecution of a never-ceasing effort to 
bring a real and stable peace to tlie w'orld 

2 In the absence of a stable peace, no loss of tune or 
momentum m the huge construction program now under 
way and, above all, no cutback in this program The fa- 
cihties now being built should represent the last substan- 
tial plant and equipment outlay for the production of fis- 
sionable matenal, but they should be built as fast as 
possible and operated at full capacit) until we have all of 
the weapons wo will need to destroy completely the power 
of any aggressor to make war 

3 A vigorous basic and applied research program de- 
signed to keep in front of the whole world all phases of 
tlie field of atomic energy 

4 An atomic energy law flexible enough to permit the 
Atomic Energy Commission and mdustry to develop eco- 
nomically feasible power either independently or jointly 

5 A law flexible enough to give the Commission pow er 
to trade information on atomic pow er with countries sup- 
plying ore to the United States, as well as, at the appro- 
priate time, with potential suppbers of ore and to coun- 
tries fnendly with the United States who have a special 
mterest m power or other peaceful products of atomic 
energy 

6 An mtensive public-information program to familiar- 
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of eveiy citizen in polic}'-maJang has alwa}'s been impor- 
tant in our democracy, in a world that also contains the 
unleashed atom it is vital 

Mankind has recently entered a room, the door to which 
IS labeled the atomic age We are in that room, and w’e 
have found that it is so large and so dimly lighted that we 
cannot yet begin to perceive all that is in it But we have 
crossed the threshold, and we cannot turn back All we can 
do IS go forward as boldly, and yet as wisely, as we can 
One of the great responsibihties that vv e in America as- 
sumed when we brought the atomic bomb into the world 
was to lead the way into the atomic age To do it well, our 
statesmen will need the understanding, the guidance, and 
the help of every citizen 



320 licport on the Atom 

mat and the statesman and the policy maker To a greater 
degree than you realize, it is your, tlie readers, responsi- 
bility, because wliat you think and say and do is what de- 
termines the actions of the statesmen and the diplomats 
In the last analysis, you and others like you arc the pohey 
makers 

Do ) ou think our government is doing all it can to ob- 
tain peace in the atomic age? Do you think we should say 
more about tlie number and kinds of bombs we ha\e and 
what they will do if it \vill help to bring peace? Do )ou 
think we should take the cloak of secrecy off the informa- 
tion about atomic power m the hope that w’e can stimulate 
progress? Do you think we should give some of our atomic 
energy information to friendly counlnes to help strengthen 
the economy of the free world? In the absence of a real 
peace, do you think we should drive our atomic weapons 
program forward until we have all the weapons we will 
ever need to destroy anyone who may undertake aggres- 
sion against our fnends or ourselves? Do you think the 
government’s monopoly in atomic energy should be re- 
laxed to permit competitive mdustry to join the drive for 
realization of tlie peaceful promise of the atom? 

Do you feel strongly enough about all or any of these 
thmgs to make some sacrifices to help your pomt of view 
wm out— sacrifices measured in terms of paymg taxes, of 
r unnin g for office, of leading study and discussion groups, 
of working with civic organizations, of writing letters to 
your Congressman, or perhaps just of educatmg yourself 
and participating intelhgently in conversations wth your 
family, neighbors, and friends? 

If you are not interested enough to do any of these 
things, you are not earning jour right to hve m and enjoy 
the benefits that can be yours in the atomic age Furtlier- 
more, you will be letting the world drift toward atomic 
war and obhvion by default Somethmg more than indif- 
ference or revulsion is called for here The participation 
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